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ABSTRACT	  
	  
Carcass	  Feeding	  for	  Captive	  Vultures:	  
Testing	  Assumptions	  about	  Zoos	  and	  Effects	  on	  Birds	  and	  Visitors	  	  
Hannah	  Gaengler	  
	  
Carcass	   feeding	   is	   a	   potentially	   controversial	   feeding	   method	   for	   zoo	   animals.	   The	  
common	   assumption	   is	   that	   many	   North	   American	   zoos	   refrain	   from	   feeding	   large	  
carcasses	   to	   their	   carnivorous	   animals	   because	   zoo	   visitors	  might	   not	   approve	   of	   this	  
feeding	  method.	  However,	  since	  there	  are	  several	  species	  of	  carnivores	  in	  zoos	  that	  feed	  
from	  large	  carcasses	  in	  nature,	  this	  food	  type	  also	  has	  the	  potential	  to	  be	  beneficial	  to	  
their	   welfare.	   In	   intelligent	   and	   usually	   inquisitive	   scavengers	   like	   vultures,	   a	   lack	   of	  
activity	  and	  behavioral	  opportunities	  could	  be	  a	  welfare	  problem	  in	  captivity;	  providing	  
them	  with	  a	  more	  complex	  food	   item	  might	  mitigate	  this.	   	  The	  goal	  of	   this	  study	  was,	  
thus,	   to	   assess	   the	   frequency	   of	   carcass	   feeding	   for	   vultures	   in	  North	  American	   zoos,	  
evaluate	  the	  opinion	  of	  North	  American	  zoo	  visitors	  and	  test	  behavioral	  benefits	  for	  zoo	  
housed	  vultures.	  
A	  survey	  among	  zoo	  staff	  revealed	  that	  small	  whole	  carcasses	  are	   implemented	   in	  the	  
diet	   of	   vultures	   in	   most	   North	   American	   zoos	   but	   large	   carcasses	   are	   rarely	   used.	   A	  
survey	  for	  zoo	  visitors	  showed	  that	  most	  people	  approve	  of	  carcass	  feeding	  for	  vultures	  
and	   the	   majority	   would	   also	   like	   to	   observe	   the	   vultures	   eat.	   A	   behavioral	   study	  
compared	  the	  reaction	  of	  captive	  Andean	  condors	  (Vultur	  gryphus)	  to	  several	  food	  items	  
and	   found	   that	   larger	   carcasses	   occupy	   the	   birds	   longer	   than	   smaller	   carcasses	   and	  
other	  food	  types.	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INTRODUCTION	  
Food	   related	   behaviors	   take	   up	   a	   major	   part	   in	   the	   time	   budget	   of	   most	   wild	  
animals	  (Herbers	  1981).	  For	  wild	  animals	  feeding	  involves	  foraging,	  capturing,	  handling	  
and	  often	  defending	   the	   food	   item	  against	   rivals.	   Yet,	   in	   zoos	  most	   if	   not	   all	   of	   these	  
behaviors	   are	   often	  minimized	   or	   completely	   redundant,	   which	   can	   lead	   to	   boredom	  
and	   the	   development	   of	   stereotypic	   behaviors	   (Stark	   2005).	   To	   avoid	   these	   problems	  
zoos	   try	   to	   mimic	   natural	   conditions	   by	   hiding	   or	   scattering	   food,	   providing	   it	   on	   an	  
irregular	  schedule,	  feeding	  different	  food	  types	  or	  impeding	  access	  to	  food.	  
Another	   approach	   is	   to	   provide	   animals	  with	   food	   items	   that	   are	   closest	   to	   their	  
natural	  food	  such	  as	  whole	  body	  prey	  (containing	  bones,	  entrails,	  skin	  and	  fur/feathers)	  
for	  carnivores.	  Intact	  prey	  is	  probably	  more	  complex	  than	  processed	  meat	  products	  and	  
might,	   thus,	   extend	   handling	   time;	   feeding	  whole	   body	   prey	   has	   also	   been	   shown	   to	  
reduce	  inactivity	  and	  promote	  the	  expression	  of	  more	  varied	  feeding	  behaviors	  (Bond	  &	  
Lindburg	   1990).	   In	   respect	   to	   the	   naturalness	   of	   this	   feeding	  method,	   carcass	   feeding	  
could	   be	   particularly	   promising	   to	   increase	   the	   welfare	   of	   captive	   natural	   scavengers	  
such	  as	  vultures.	  
Nevertheless,	  feeding	  large	  carcasses	  is	  very	  controversial.	  The	  common	  argument	  
is	   that	   many	   North	   American	   zoos	   refrain	   from	   feeding	   large	   carcasses	   to	   their	  
carnivorous	   animals	   because	   zoo	   visitors	   might	   not	   approve	   of	   this	   feeding	   method	  
(Melfi	  &	  Knight	  2007;	  Houst	  1998,	  cited	  in	  Stark	  2004;	  Heine	  1998;	  Young	  1997).	  Other	  
arguments	   include	   the	  nutritional	  deficiency,	  high	   risk	  of	  microbial	   contamination	  and	  
the	  restricted	  feasibility	  of	  carcass	  feeding	  (Depauw	  et	  al.	  2011;	  NAG	  2012;	  Young	  1997).	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After	  a	  brief	  historical	  background	  on	  feeding	  of	  captive	  carnivores	  I	  will	  present	  the	  
different	  food	  categories	  commonly	  used	  today	  to	  compare	  their	   influence	  on	  physical	  
and	  psychological	  wellbeing	  of	  the	  animal.	  I	  will	  thereby	  discuss	  the	  common	  arguments	  
for	  and	  against	  carcass	  feeding.	  
	  
Feeding	  Carnivores	  in	  Zoos	  
Food	  provided	   in	  captivity	  has	  a	  multifaceted	   influence	  on	  animal	  welfare.	  On	  the	  
one	   hand,	   it	   should	   be	   nutritiously	  wholesome	   and	   satiating.	  On	   the	   other	   hand,	   the	  
food	   items	   provided	   in	   captivity	   can	   also	   be	   used	   as	   enrichment	   and	   promote	   the	  
performance	  of	  natural	  feeding	  behavior	  (Bashaw	  et	  al.	  2003).	  
To	   find	   a	   diet	   that	   meets	   these	   dual	   requirements,	   early	   zoos	   already	   tried	   to	  
simulate	  natural	  conditions:	  By	  the	  end	  of	  the	  19th	  century	  the	  information	  on	  zoo	  diets	  
was	  partly	  derived	   from	  field	  observations	  on	   feeding	  habits	   (Dierenfeld	  1997).	   In	   line	  
with	  this	  natural	  feeding	  style,	  whole	  prey	  items	  were	  commonly	  offered	  to	  zoo	  housed	  
carnivores	   (Dierenfeld	   1997).	   Later,	   however,	   with	   the	   advancement	   of	   nutrition	  
science,	  zoos	  moved	  away	  from	  providing	  natural	  prey	  items	  and	  fed	  more	  practicable,	  
but	   still	   nutritiously	   wholesome	   food.	   In	   1966,	   carnivores	   at	   the	   Basel	   Zoo	   in	  
Switzerland,	  for	  instance,	  were	  fed	  pure	  meat;	  Wackernagel	  (1966)	  reasoned	  that	  since	  
wild	  carnivores	  eat	  the	  whole	  prey	  rather	  than	  just	  the	  meat	  itself,	  the	  zoo	  diet	  has	  to	  
be	   supplemented	  with	  minerals	   and	   vitamins.	   Today,	   an	   even	   less	   natural	   zoo	   diet	   is	  
commonly	   used:	   a	   nutritionally	   complete,	   commercial	   diet	   for	   exotic	   carnivores.	   The	  
nutrient	   composition	   of	   this	   meat-­‐based	   diet	   perfectly	   matches	   the	   need	   of	   certain	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animal	   groups	   or	   species.	   It	   is	   often	   bought	   ready-­‐made	   and	   has	   the	   consistency	   of	  
ground	   meat.	   Apparently,	   zoos	   have	   been	   increasingly	   successful	   in	   optimizing	   the	  
nutritional	  value	  of	  the	  diet,	  but	  have	  neglected	  the	  behavioral	  aspects	  of	  feeding	  at	  the	  
same	  time.	  Many	  North	  American	  Zoos	   feed	  their	   felids	  mainly	  processed	   food	  that	   is	  
consumed	  within	  moments	   (McPhee	  2002)	  despite	  the	  existence	  of	  more	  behaviorally	  
stimulating	  alternatives.	  
Overall,	   four	  main	  categories	  of	   food	   items	   for	  captive	  carnivores	  are	  used	   today,	  
individually	  or	  in	  various	  combinations:	  (1)The	  commercial,	  nutritionally	  complete	  diet,	  
as	  described	  above,	  can	  be	  bought	  as	  a	  powder,	  dried	  or	  in	  frozen	  pellets	  (“commercial	  
diet”).	  (2)	  A	  texturally	  similar	  diet	  is	  muscle	  meat	  that	  has	  been	  minced	  or	  cut	  into	  small	  
pieces	   (“processed	   [muscle]	   meat”).	   (3)	   Further,	   skinned	   larger	   parts	   of	   a	   deceased	  
animal	   containing	   bones	   and	   knuckles	   are	   fed	   to	   captive	   carnivores	   (“[processed]	  
carcass	  parts”),	  as	  well	  as	  (4)	  intact	  whole	  bodies	  of	  deceased	  animals	  containing	  bones,	  
entrails,	   skin,	   fur	   and	   feathers	   (“whole	   body	   prey”	   or	   “carcass”).	   Examples	   of	   prey	  
animals	   commonly	   fed	   to	   carnivores	   are	   rodents	   and	   small	   birds	   (“small	   carcass”),	   or	  
goats,	   deer	   and	   cattle	   (“large	   carcass”).	   The	   feeding	   of	   live	   vertebrate	   animals	   (“live	  
prey”)	  is	  a	  controversial	  issue	  due	  to	  its	  ethical	  implications	  and	  thus	  prohibited	  in	  most	  
countries	  (Ings	  et	  al.	  1997).	  The	  structural	  diversity,	  nutritional	  value,	  and	  the	  microbial	  
contamination	  of	  the	  food	  item,	  the	  time	  it	  takes	  to	  ingest	  a	  satiating	  amount	  and	  the	  
different	   behaviors	   required	   to	   process	   the	   food	   item	   may	   vary	   with	   each	   of	   these	  
categories	  as	  does	  the	  practical	   feasibility	  of	   implementing	  them.	  A	  comparison	  of	  the	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food	  categories	  considering	  these	  aspects	  will	  help	  draw	  conclusions	  about	  the	  potential	  
advantages	  and	  disadvantages	  of	  carcass	  feeding.	  	  
	  
Physical	  Health	  Aspects	  and	  Practicability	  of	  Carnivore	  Zoo	  Diets	  
The	   exclusive	   feeding	   of	  meat,	   removed	   from	   the	   carcass	   or	   presented	   as	  whole	  
body	  prey,	  requires	  nutrient	  supplementation	  (Harrison	  et	  al.	  2006).	  Small	  whole	  body	  
prey	  has	  been	  shown	  to	  be	  a	  deficient	  source	  of	  minerals	  and	  vitamins	  (Clum	  et	  al.	  1996,	  
Clum	   et	   al.	   1997).	  Of	   a	   large	   carcass,	   animals	  may	   only	   consume	   certain	   parts	   of	   the	  
body	   and	   therefore	   suffer	   from	   even	  more	   severe	   nutrient	   deficiency.	   Houston	   et	   al.	  
(2007),	   for	   instance,	   states	   that	   California	   Condors	   (Gymnogyps	   californianus)	   use	   the	  
bones	  of	  carcasses	  as	  their	  only	  source	  of	  calcium.	  Since	  they	  cannot	  break	  bones	  into	  
smaller	  pieces	  and	  a	  large	  carcass	  only	  has	  few	  bones	  that	  they	  can	  swallow	  whole,	  large	  
carcass	   feeding	  may	  cause	  mineral	  deficiency.	  On	  that	  account,	   the	  Nutrition	  Advisory	  
Group	  (NAG)	  of	  the	  AZA	  only	  suggests	  carcass	  feeding	  as	  supplementary	  to	  an	  otherwise	  
nutritionally	  sufficient	  diet	  (NAG	  2012).	  
A	   commercial	   diet	   is	   nutritionally	   complete	   and,	   thus,	   does	   not	   require	  
supplementation.	   However,	   the	   exclusive	   provision	   of	   processed	   muscle	   meat	   or	  
commercial	  diet	  can	   lead	  to	  poor	  oral	  health	   in	   felids,	  due	  to	   the	   lack	  of	  chewing	  and	  
thawing	  during	  feeding	  (Fitch	  &	  Fagan	  1982).	  
Another	   health	   problem	   that	   can	   arise	   from	   carnivore	   diets	   is	   linked	   to	   bacterial	  
contamination.	   Raw	  meat	   can	  be	   an	   incubator	   for	  microorganisms	   that	   transmit	   food	  
borne	  diseases	  such	  as	  salmonella.	  Microbial	  buildup	  is	  highly	  increased	  with	  improper	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transportation	   and	   storage	   conditions.	   The	   food	   items	   should	   be	   frozen	   quickly	   and	  
thawed	  slowly	  in	  a	  refrigerator.	  Thawing	  and	  refreezing	  and	  improper	  thawing	  can	  cause	  
rancidity,	  microbial	  buildup,	   loss	  of	  palatability	  and	  nutrient	   loss.	   (Crissey	  et	  al.	  2001).	  
Skin	  borne	  pathogens	  can	  also	  be	   introduced	   into	  the	  handling	  and	  exhibit	  area	  when	  
whole	  body	  prey	   is	   fed	  (NAG	  2012).	  However,	  salmonella	  bacteria	  have	  been	  found	   in	  
wild	  raptors,	   for	   instance,	  and	  did	  not	  seem	  to	  be	  detrimental	   (Tizard	  2004).	  Also,	   the	  
problem	  of	  bacterial	  contamination	   is	  present	   likewise	   in	  all	   food	  types	  for	  carnivores.	  
Harrison	  et	  al.	  (2006)	  found	  that	  the	  bacterial	  contamination	  of	  large	  carcasses	  donated	  
to	   the	   zoo	   is	   similar	   to	   that	   in	   a	   commercial	   diet;	   they	   conclude	   that	   carcass,	   when	  
monitored,	  is	  a	  reasonably	  safe	  food	  for	  carnivores.	  	  
The	   findings	   above	   suggest	   that	   all	   of	   the	   food	   categories	   for	   captive	   carnivores	  
bear	   a	   similar	   risk	   of	   pathogenic	   contamination	   and	   if	   provided	   exclusively	   are	  
nutritionally	  deficient,	  except	  for	  the	  commercial	  diet,	  which	  on	  the	  other	  hand	  causes	  
dental	   problems.	  None	   of	   the	   food	   categories,	   therefore,	   stands	   out	   as	   a	   satisfactory	  
sole	  feeding	  option;	  however,	  there	  certainly	  is	  a	  difference	  between	  them	  in	  terms	  of	  
behavior	  and	  naturalness.	  
	  
Behavioral	  Aspects	  of	  Carnivore	  Zoo	  Diets	  
As	  the	  name	  suggests,	  carnivores	  mainly	  eat	  the	  meat	  of	  other	  animals.	  Predators	  
like	   tigers	   hunt	   other	   animals,	   kill	   them	   and	   eat	   the	   entire	   or	   parts	   of	   their	   prey.	   By	  
contrast,	  scavengers	  like	  vultures	  search	  for	  an	  already	  deceased	  animal	  and	  eat	  from	  its	  
carcass.	  Birds	  of	  prey	  are	  highly	  adapted	   to	   their	   feeding	  habits:	   raptors,	   for	  example,	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that	   kill	   their	   prey	  with	   the	  beak	  have	   stronger	  beaks;	   those	   that	   kill	  with	   their	   claws	  
have	   stronger	   grip	   force	   (Sustaita	   &	   Hertel	   2010).	   The	   length	   and	   efficiency	   of	   the	  
digestive	  system	  in	  raptors	  is	  also	  linked	  to	  their	  hunting	  behavior	  and	  prey	  spectrum,	  as	  
faster	   birds	   that	   catch	   smaller	   prey	   several	   times	   a	   day	   digest	   faster	   than	   the	   slower	  
raptors	   that	   eat	   few	   large	  meals	   per	   day	   (Barton	  &	  Houston	   1993).	  Most	   other	   birds	  
swallow	  their	  prey	  whole,	  but	  raptors	  have	  elaborated	  the	  ability	  to	  hold	  prey	  with	  their	  
feet	  and	  tear	  it	  apart	  with	  their	  beaks.	  This	  allows	  them	  to	  feed	  on	  very	  large	  prey	  but	  
still	   only	   swallow	   pieces	   of	   up	   to	   usually	   3g	   (Slagsvold	   et	   al.	   2010)	   and,	   thus,	   food	  
handling	  can	  take	  very	  long	  for	  raptors	  (Slagsvold	  and	  Sonerud	  2007).	  In	  general,	  feeding	  
and	  all	   its	  related	  behaviors	  clearly	  play	  an	   important	  role	  as	  most	  wild	  animals	  spend	  
50%	   or	   more	   of	   the	   day	   hunting	   or	   foraging	   for	   food	   (Stark	   2005).	   It	   is	   therefore	  
important	   to	   give	   captive	   animals	   as	  much	   opportunities	   as	   possible	   to	   express	   their	  
highly	  adapted	  feeding	  behaviors	  by	  providing	  them	  with	  an	  appropriate	  diet.	  
A	  food	  item	  can	  give	  the	  animal	  choices	  such	  as	  which	  parts	  to	  eat	  first	  or	  which	  to	  
discard	  and	  thereby	  increase	  mental	  stimulation.	  Furthermore,	  the	  lack	  of	  opportunities	  
to	   manipulate	   the	   environment	   in	   captivity	   can	   cause	   self-­‐mutilation	   and	   other	  
destructive	   behaviors.	   (Broom	   1991)	   A	   complex	   food	   item	  may	   address	   this	   need	   by	  
providing	  manipulable	  structures	  of	  different	  textures.	  Handling	  time	  may	  also	  increase	  
with	   complexity	   of	   a	   food	   item	   and	   may	   reduce	   inactivity	   and	   boredom	   (Bond	   &	  
Lindburg	  1990).	  Finally,	  the	  right	  food	  item	  allows	  the	  animal	  to	  use	  its	  adaptive	  “tools”	  
and	  behaviors	  for	  feeding.	  Birds	  of	  prey	  for	  example	  might	  be	  able	  to	  use	  their	  natural	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feeding	  technique	  of	  holding	  on	  to	  the	  food	  item	  with	  their	  talons	  and	  tearing	  it	  up	  with	  
their	  beaks.	  
The	   consumption	   of	   processed	   meat	   and	   commercial	   diet	   hardly	   provides	   the	  
animal	  with	   the	  opportunity	   to	  make	  choices	  while	   feeding	  or	   to	  manipulate	   the	   food	  
item;	   it	  has	  a	  very	   short	  handling	   time	  and	  does	  not	   require	  any	  behaviors	  except	   for	  
food	  uptake	  and	  swallowing.	  
Pieces	  of	  a	  large	  carcass	  usually	  contain	  only	  meat	  and	  bones	  and	  thus	  provide	  few	  
choices,	   but	   allow	   the	   manipulation	   of	   two	   different	   structures.	   Since	   some	   work	   is	  
required	   to	   detach	   the	  meat	   from	   the	   bones,	   handling	   time	   is	   increased	   and	   feeding	  
behaviors	  like	  tearing	  and	  chewing	  can	  be	  expressed.	  
Whole	  body	  prey	  consists	  of	  many	  structures	  of	  different	  textures,	  shapes,	  sizes	  and	  
tastes	  and	  is	  therefore	  likely	  to	  be	  the	  most	  complex	  food	  category	  for	  carnivores.	  The	  
animal	   can	   select	   from	  different	   structures	  and	  access	  points;	   a	   lot	  of	  manipulation	   is	  
often	  required	  to	  get	  access	  to	  edible	  parts	  and	  thereby	  handling	  time	  should	  be	  greatly	  
increased	  compared	  to	  other	  food	  items.	  Behaviors	  for	  feeding	  from	  a	  goat	  carcass,	  for	  
instance,	  may	  include	  detaching	  fur	  and	  skin,	  tearing	  meat	  into	  smaller	  pieces,	  gnawing	  
it	  off	  the	  bones,	  cracking	  bones	  or	  ripping	  off	  parts	  of	  the	  carcass.	  A	  smaller	  carcass	  like	  
that	  of	  a	  rat	   for	  example,	  essentially	  has	  the	  same	  structural	  components	  at	  a	  smaller	  
scale.	   This	   can,	   on	   the	   one	  hand,	   cause	   prey	   handling	   to	   take	   longer	   than	   for	   a	   large	  
carcass,	  since	  it	  is	  harder	  to	  detach	  the	  meat	  from	  the	  many	  small	  bones.	  On	  the	  other	  
hand,	   large	   carnivores,	   which	   ingest	   bones	   and	   fur,	   can	   eat	   the	   rat	   carcass	   whole	   or	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within	  a	  few	  bites;	  this	  would	  result	  in	  a	  shorter	  handling	  time	  than	  for	  large	  whole	  body	  
prey	  or	  large	  carcass	  parts.	  
In	   conclusion,	   carcass	   feeding	   comes	   along	   with	   potential	   behavioral	   benefits:	  
Whole	  body	  prey	  can	  provide	  carnivores	  with	  many	  choices	  and	  manipulable	  structures,	  
can	   take	   long	   to	   consume	  and	  may	  promote	   the	   expression	  of	   varied	  natural	   feeding	  
behaviors.	   The	   loss	   or	   alteration	   of	   natural	   behaviors	   in	   zoo	   populations	   is	   a	   general	  
problem	  particularly	  when	  it	  comes	  to	  the	  reintroduction	  of	  captive	  raised	  individuals	  to	  
their	  natural	  habitat.	  Masataka	  et	  al.	   (1993)	   found	   that	   captive	   squirrel	  monkeys	  only	  
develop	  snake	  fear,	  which	  is	  critical	  for	  survival,	  if	  they	  are	  fed	  live	  insects.	  Although	  the	  
connection	   between	   these	   two	   factors	   is	   not	   readily	   apparent,	   this	   study	   shows	   that	  
experience	   with	   food	   has	   a	   great	   impact	   on	   adaptive	   behaviors.	   The	   supply	   of	   a	  
processed	  food	  likely	  causes	  predators	  to	  lose	  essential	  hunting	  and	  prey	  identification	  
skills.	   Rabin	   (2003),	   thus,	   proposed	   to	   incorporate	   carcass	   feeding	   into	   a	   program	  
intended	  to	  maintain	  the	  behavioral	  diversity	   in	  captivity;	  carcass	  feeding	  is	  promising,	  
since	   it	   is	   a	   natural	   stimulus	   that	   elicits	   a	   natural	   behavior	   and	   also	   provides	   the	  
opportunity	  to	  express	  that	  behavior	  in	  the	  appropriate	  context.	  
Several	  studies	  have	  already	  focused	  on	  the	  positive	  behavioral	  changes	  associated	  
with	  carcass	  feeding,	  although	  all	  of	  them	  concern	  the	  feeding	  of	  felid	  carnivores:	  
Bond	  and	  Lindburg	  (1990)	  compared	  the	  behavior	  of	  cheetahs	  that	  were	  fed	  either	  
calf	  carcasses	  or	  commercial	  feline	  diet.	  They	  found	  that	  carcass-­‐feeding	  cheetahs	  spent	  
more	   time	   feeding,	   showed	   more	   interest	   in	   their	   food	   and	   more	   varied	   feeding	  
behaviors	  than	  cheetahs	  feeding	  on	  commercial	  diet.	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Shepherdson	   et	   al.	   (1993)	   presented	   a	   fishing	   cat	   with	   live	   fish	   and	   found	   an	  
increase	  in	  hunting	  behavior	  that	  lasted	  for	  more	  than	  8	  days	  after	  presentation.	  	  
McPhee	   (2002)	   fed	   carcasses	   to	   three	   species	   of	   felids	   at	   different	   zoos:	   African	  
leopards,	   lions	  and	  snow	   leopards.	  She	   found	  an	  overall	   increase	   in	   feeding	  behaviors	  
like	  licking,	  biting,	  chewing,	  dragging	  and	  stalking.	  
Bashaw	  et	  al.	  (2003)	  presented	  tigers	  and	  lions	  with	   live	  fish	  and	  horse	   leg	  bones.	  
Compared	   to	   baseline	   levels,	   where	   cats	   were	   fed	   commercial	   diet,	   they	   found	  
increased	   consumptive	   behaviors	   during	   and	   after	   bone	   presentation.	   Live	   fish	  
increased	   the	   variety	   of	   behaviors	   on	   the	  morning	   of	   presentation:	   capturing,	   killing,	  
consumptive	   and	   caching	   behaviors.	   They	   also	   found	   a	   non-­‐significant	   trend	   toward	  
reduced	  stereotypic	  pacing	  when	  bones	  or	  live	  fish	  were	  presented.	  
Stark	  (2004)	  tested	  the	  effect	  of	  three	  food	  types	  on	  captive	  tigers:	  processed	  meat,	  
which	   is	   their	   regular	   food	  source	   (baseline),	  a	  cardboard	  animal	   filled	  with	  processed	  
meat	  or	  whole	  chicks,	  and	  a	  day-­‐old	  calf	  carcass.	  Inactivity	  increased	  over	  baseline	  levels	  
when	   the	   tigers	  were	   fed	   cardboard	   animals,	   however,	   stereotypic	   pacing	   decreased.	  	  
During	   carcass	   provision,	   tigers	   spent	   even	   less	   time	   pacing	   than	   during	   cardboard	  
animal	  provision	  and	  general	   inactivity	   levels	  decreased.	  Furthermore,	   carcass	   feeding	  
increased	  locomotion,	  feeding-­‐related	  behaviors	  and	  overall	  activity	  (Stark	  2005).	  
These	  results	  suggest	  that	  providing	  a	  more	  complex	  and	  more	  natural	  food	  source	  
to	   zoo	   housed	   felids	   elicits	   positive	   behavioral	   changes.	   Large	   carcasses	   are	   an	   even	  
more	  natural	  food	  source	  for	  scavengers	  like	  vultures	  than	  they	  are	  for	  non-­‐scavenging	  
felids.	  However,	  it	  is	  yet	  to	  be	  tested	  how	  large	  carcasses	  affect	  the	  behavior	  of	  captive	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scavengers.	  
	  
Feasibility	  of	  Carcass	  Feeding	  in	  Zoos	  
Despite	   the	   behavioral	   advantages	   of	   carcass	   feeding,	   it	   seems	   not	   widely	  
implemented	   among	   North	   American	   zoos.	   At	   least	   in	   felids,	   a	   survey	   by	   Melfi	   and	  
Knight	   (2006)	   found	   that	   the	   vast	   majority	   of	   European	   zoos	   feed	   carcasses	   and	  
commercial	  diet	  is	  rarely	  the	  predominant	  food	  type.	  However,	  in	  the	  United	  States	  the	  
majority	   of	   zoos	   feed	   commercial	   diet	   to	   their	   felids	   and	   only	   half	   as	   many	   feed	  
carcasses.	  	  
The	   practical	   feasibility	   of	   carcass	   feeding	   often	   prevents	   its	   implementation	   in	  
zoos.	  Many	  zoos,	  especially	  in	  North	  America,	  seem	  to	  have	  problems	  finding	  a	  reliable	  
supply	   of	   carcasses	   (Young	   1997).	   A	   cheap	   possibility	   to	   obtain	   carcasses	   is	   to	   use	  
donations	   of	   domestic	   animals,	   such	   as	   stillborn	   calves,	   or	   road	   kill.	   Harrison	   et	   al.	  
(2006),	   though,	   describes	   the	   use	   of	   road	   kill	   as	   questionable,	   since	   a	   gut	   disruption	  
during	  the	  accident	  may	  have	  caused	  bacterial	  contamination.	  The	  NAG	  (2012)	  advises	  
against	   the	  use	  of	   road	  kill	   and	  also	  donated	  carcasses,	   since	   the	   latter	  might	   contain	  
pathogens	   and	   chemical	   contaminants.	   The	   carcasses	   could	   be	   tested	   for	  
contamination,	  but	  such	  a	  procedure	  can	  be	  time	  consuming	  and	  expensive	  and	  is	  thus	  
not	  feasible.	  The	  safest,	  but	  also	  most	  expensive	  approach	  is	  to	  buy	  whole	  animals	  that	  
have	   been	  bred	   for	   human	   consumption.	   A	   potentially	   unreliable	   but	   reasonably	   safe	  
and	  inexpensive	  source	  of	  carcasses	  is	  culled	  or	  deceased	  zoo	  animals.	  A	  zoo	  often	  has	  
to	  cull	  surplus	  animals	  that	  cannot	  be	  transferred	  to	  others	  zoos	  or	  that	  are	  genetically	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overrepresented	  in	  the	  captive	  population	  (Benbow	  2004).	  If	  such	  animals	  are	  intended	  
for	   carcass	   feeding,	   anesthetics	   and	   barbiturates	   should	   not	   be	   used	   for	   killing	   them,	  
since	   these	   chemicals	   are	  detrimental	   to	   the	  animal	   consuming	   the	   carcass	   (O’Rourke	  
2002).	  
The	  preparation	  of	  the	  carcass	  itself	  does	  not	  require	  extra	  time	  for	  zoo	  staff,	  since	  
the	  animal	  is	  intended	  to	  be	  occupied	  dismantling	  the	  prey.	  Nonetheless,	  the	  animal	  will	  
not	   eat	   an	   entire	   large	   carcass	   and	   the	   remains,	   thus,	   have	   to	   be	   removed	   from	   the	  
enclosure.	  
In	  summary,	  carcass	  feeding	  is	  less	  feasible	  than	  other	  feeding	  methods,	  since	  it	  is	  
either	  difficult	  to	  find	  a	  reliable	  source	  or	  more	  effort	  or	  money	  have	  to	  be	  invested.	  
	  
Influence	  of	  and	  on	  Visitors	  
Apart	  from	  the	  consideration	  for	  animal	  welfare	  and	  practicability	  a	  zoo	  also	  has	  to	  
take	  the	  public’s	  opinion	  into	  account	  when	  deciding	  on	  a	  diet	  for	  their	  animals.	  Visitors	  
are	   financially	   essential	   to	   a	   zoo	   and	   their	   opinion	   is	   important	   to	   meet	   the	   zoo’s	  
mission	  to	  function	  as	  an	  education	  center.	  Over	  175	  million	  people	  annually	  visit	  zoos	  
in	   the	  US,	  which	   is	  more	   than	   the	   visitors	   to	   professional	   football,	   basketball,	   hockey	  
and	  baseball	   games	  combined.	  About	  2/3	  of	  all	   adult	  visitors	  bring	   their	   children	  with	  
them	  to	  the	  zoo	  and	  most	  visitors	  are	  women/mothers	  between	  the	  ages	  of	  25	  and	  35.	  
(AZA	  2012).	  What	  do	   these	   visitors	  expect	   from	  a	  day	  at	   the	   zoo	  and	  how	  would	   zoo	  
animals	  feeding	  from	  whole	  carcasses	  influence	  their	  experience?	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Most	  people	  visit	  a	  zoo	  for	  one	  or	  several	  of	  the	  following	  reasons:	  Visitors	  may	  see	  
a	  day	  at	   the	   zoo	  as	  a	   short-­‐term	  vacation;	   they	  want	   to	   leave	   their	   everyday	   live	  and	  
experience	  something	  unusual,	  maybe	  want	  to	  experience	  nature	  and	  definitely	  want	  to	  
experience	  exotic	  animals	  from	  a	  close	  distance.	  In	  short,	  zoo	  visitors	  want	  to	  relax	  and	  
be	  entertained	  by	  the	  animals.	  They	  might	  also	  want	  to	  increase	  their	  knowledge	  about	  
animals	   and	   conservation	   or	   even	   want	   to	   get	   involved	   with	   conservation	   projects.	  
Visitors	  reported	  that	  they	  experience	  a	  stronger	  connection	  to	  nature	  and	  reconsider	  
their	  role	  in	  conservation	  after	  the	  visit	  to	  a	  zoo	  (Falk	  et	  al.	  2007).	  Further,	  parents	  may	  
bring	   their	  children	  to	   the	  zoo	  to	  bring	   them	  closer	   to	  nature	  and	  conservation,	   teach	  
them	   why	   they	   should	   be	   considerate	   of	   animals	   and	   their	   natural	   surroundings	   or	  
simply	   to	   inspire	   them.	   Education,	   relaxation	   and/or	   entertainment	   are	   thus	   most	  
visitors’	  main	  expectations	  from	  a	  day	  at	  the	  zoo	  and,	  accordingly,	  visitors	  should	  want	  
to	  see	  active,	  entertaining	  animals	  in	  a	  naturalistic	  setting.	  Modern	  zoo	  visitors	  are	  also	  
concerned	  about	  the	  welfare	  of	  zoo	  animals	  (Reade	  &	  Waran	  1996,	  Ings	  et	  al.	  1997).	  	  
However,	  while	  visitors	  like	  naturalistic	  enclosures	  (Melfi	  et	  al.	  2004)	  they	  might	  not	  
necessarily	   want	   to	   see	   every	   feature	   of	   natural	   animal	   behavior.	   Feeding	   on	   whole	  
carcasses	  might	   be	  one	  of	   these	   features	   and	   is,	   thus,	   expected	   to	  be	   a	   controversial	  
topic	  for	  visitors.	  Whole	  deceased	  animals	  in	  an	  enclosure	  can	  be	  seen	  as	  distasteful	  and	  
disturb	  children	  and	  other	  zoo	  visitors.	   If	   the	  objectives	  of	  a	  zoo	  visit	  are	  relaxation	  or	  
entertainment	   the	   sight	   of	   a	   partially	   dismantled	   animal	   in	   an	   enclosure	  might	   easily	  
impair	   the	   experience	   negatively.	   However,	   since	   visitors	   are	   more	   likely	   to	   see	   the	  
animal	  active	  when	  it	  is	  fed	  with	  carcasses	  (Bashaw	  et	  al.	  2003),	  the	  entertaining	  value	  is	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highly	   increased.	   Especially	   from	   the	   educational	   perspective	   visitor	   experience	   will	  
benefit	  from	  carcass	  feeding.	  The	  sight	  of	  an	  exotic	  carnivore	  feeding	  ground	  meat	  from	  
a	  bowl	  certainly	  has	   less	  educational	  significance	  than	  the	  sight	  of	  a	  carnivore	   feeding	  
from	  a	   carcass;	   this	  holds	   true	  especially	   for	   typical	   scavengers	   like	  vultures	   that	   feed	  
from	  large	  deceased	  animals	   in	  nature.	  Nevertheless,	   in	  scope	  with	  a	  captive	  breeding	  
project	   for	   Californian	   Condors,	   the	   Los	   Angeles	   Zoo	   feeds	   their	   pre-­‐release	   condors	  
whole	   sheep	   carcasses	   but	   out	   of	   public	   view	   (Benbow	   2004).	   The	   concern	   about	  
visitors’	   aversion	   against	   carcass	   feeding	   seems	   to	   be	   a	   major	   drawback	   to	   the	  
implementation	   of	  whole	   body	   prey	   as	   a	   carnivore	   zoo	   diet;	   but	  what	   do	   the	   visitors	  
really	  think	  about	  this	  natural	  feeding	  method?	  
Ings	   et	   al.	   (1997)	   asked	   200	   visitors	   of	   Edinburgh	   Zoo	   about	   their	   attitude	   to	   the	  
idea	   of	   feeding	   live	   prey	   to	   zoo	   animals.	   All	   visitors	   agreed	   with	   the	   feeding	   of	   live	  
insects	  to	  lizards	  off-­‐exhibit	  and	  96%	  agreed	  if	  they	  were	  to	  be	  fed	  on-­‐exhibit;	  72%	  (on-­‐
exhibit)	  and	  84.5%	  (off-­‐exhibit)	  agreed	  to	   live	  fish	  being	  fed	  to	  penguins	  and	  32%	  (on-­‐
exhibit)	  and	  62.5%	   (off-­‐exhibit)	  accepted	   the	   feeding	  of	   live	   rabbits	   to	  cheetahs.	  Most	  
visitors	  who	  objected	  to	   live	  prey	  feeding	  stated	  that	   it	  may	  upset	  themselves	  or	  their	  
children.	   Ings	  et	  al.	   (1997)	  concluded	   that	   their	   results	   suggest	  a	  hierarchy	  of	   concern	  
increasing	   from	   insects	   to	   rabbits	   but	   that	   the	   majority	   of	   UK	   zoo	   visitors	   generally	  
agreed	  with	  the	  feeding	  of	  live	  prey	  off-­‐exhibit.	  
Heine	   (1998)	   fed	   live	   rats	   to	   bears	   and	  wolves	   at	   the	  Grizzly	   Discovery	   Center	   in	  
West	  Yellowstone,	  Montana,	  and	   interviewed	  visitors	  directly	  after	  they	  have	  watched	  
the	  feeding	  event.	  A	  total	  of	  90%	  of	  the	  surveyed	  visitors	  rated	  the	  educational	  value	  of	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this	   feeding	  method	  either	  as	  high	  or	  very	  high;	  78%	  of	  all	   the	   respondents	   rated	   the	  
experience	  as	  very	  positive	  and	  99%	  would	  like	  to	  see	  live	  rats	  offered	  as	  food	  in	  other	  
zoos,	  as	  well.	  	  
Lemmen	   et	   al.	   (2008)	   asked	   570	   people	   in	   10	   Dutch	   cities	   about	   their	   attitude	  
towards	  feeding	  live	  prey.	  Similar	  to	  Ings	  et	  al.	  (1997)	  they	  found	  a	  hierarchy	  of	  concern:	  
A	  vast	  majority	  of	  over	  90%	  and	  89%	  agreed	  with	  the	  feeding	  of	  live	  insects	  and	  fish	  off-­‐
exhibit,	   respectively;	  79%	  found	  feeding	  of	   live	  rodents	  acceptable	  and	  78%	  agreed	  to	  
feeding	   live	   rabbits,	   both	   off-­‐exhibit.	   For	   all	   prey	   animals	   people	   agreed	  more	   readily	  
with	  live	  feeding	  outside	  of	  the	  visitors’	  view	  than	  with	  live	  feeding	  while	  the	  animal	  is	  
on	  exhibit;	  41%	  of	  the	  interviewees	  do	  not	  want	  to	  see	  prey	  remains	  in	  the	  enclosure.	  
The	   majority	   of	   the	   surveyed,	   however,	   agreed	   that	   feeding	   of	   live	   prey	   has	   an	  
educational	   value	   (81%)	   and	   is	   important	   to	   the	   animals’	   welfare	   (85%).	   Despite	   this	  
acknowledgement,	   21%	   and	   10%	   of	   the	   participants	   stated	   that	   they	   would	   not	   visit	  
zoos	  anymore,	  if	  live	  mammals	  and	  fish	  were	  fed	  respectively.	  
Cottle	  et	  al.	  (2010)	  asked	  409	  visitors	  at	  Zurich	  Zoo,	  Switzerland,	  about	  their	  opinion	  
on	   feeding	   of	   live	   prey.	   They	   asked	   similar	   questions	   as	   Ings	   et	   al.	   (1997)	   and	   found	  
similar	  results	  with	  a	  hierarchy	  of	  concern	  about	  the	  prey	  animals	  and	  a	  higher	  concern	  
for	   live	   prey	   feeding	   on-­‐exhibit	   as	   opposed	   to	   off-­‐exhibit.	   They	   conclude	   that	   the	  
majority	   of	   Swiss	   zoo	   visitors	   agree	   with	   live	   prey	   feeding	   except	   for	   the	   on-­‐exhibit	  
feeding	   of	   live	   rabbits	   to	   tigers.	   They	   directly	   compare	   their	   results	   to	   the	   Ings	   et	   al.	  
(1997)	  study	  and	  point	  out	  that	  their	  respondents	  were	  more	  in	  favor	  of	  live	  feeding	  of	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vertebrates.	  They	  reason	  that	  this	  effect	  arises	  from	  an	  attitude	  shift	  over	  the	  12	  years	  
that	  had	  elapsed	  since	  the	  older	  survey.	  
All	  of	  the	  studies	  above	  concern	  the	  feeding	  of	  live	  prey.	  Although	  this	  is	  somewhat	  
similar	   and	   probably	   perceived	   as	   more	   aversive	   by	   visitors,	   no	   data	   has	   yet	   been	  
published	  on	  a	  visitor	  survey	  about	  public	  attitudes	  towards	  the	  feeding	  of	  large	  whole	  
carcasses.	  Most	  visitors	  also	  associate	  large	  felids	  with	  the	  word	  “carnivore”	  rather	  than	  
birds	  of	  prey.	  Visitors	  show	  not	  only	  a	  hierarchy	  of	  concern	  for	  the	  prey	  animal	  (Ings	  et	  
al.	   1997,	   Lemmen	   et	   al.	   2008,	   Cottle	   et	   al.	   2010)	   but	   may	   also	   have	   a	   hierarchy	   of	  
sympathy	  for	  the	  predators.	  Animals	  that	  are	  closer	  to	  us	  humans	  or	  that	  are	  close	  to	  
our	   pets	   usually	   gain	  more	   sympathy	   than	   others.	   Bart	   (1972)	   asked	   students	   if	   they	  
liked	  or	  disliked	  30	  different	  animals.	  He	  found	  that	  horse,	  dog,	  deer	  and	  man	  are	  the	  
number	  1	  and	  2	  (meaning	  “liked	  by	  all	  or	  most	  students”),	  vultures,	  however,	  were	  only	  
number	  25	  of	  30	  (liked	  only	  by	  31%).	  Visitors	  might	  not	  want	  to	  see	  their	  “cute”	  pets,	  or	  
any	  animal	  that	  is	  reasonably	  close	  to	  their	  pets,	  cruelly	  feed	  from	  a	  carcass	  and	  spatter	  
themselves	   with	   blood.	   A	   study	   that	   focuses	   specifically	   on	   vultures	   might	   therefore	  
lead	   to	   very	   different	   results	   than	   one	   that	   focuses	   on	   the	   more	   representative	  
carnivores	  like	  big	  cats.	  
	  
Conclusions	  
The	   feeding	   of	   large	   whole	   body	   prey	   can	   help	   zoos	   to	   fulfill	   their	   mission	   as	   a	  
conservation	  center,	  as	   it	  seems	  to	   increase	  the	  welfare	  of	  carnivores	   in	  captivity	  (e.g.	  
Bashaw	   2003)	   and	   better	   prepares	   them	   for	   reintroduction	   into	   their	   natural	   habitat	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(Rabin	   2003).	   Carcass	   feeding	   also	   transmits	   important	   educational	   content	   to	   the	  
visitors,	   since	   it	   shows	   the	   natural	   feeding	   habits	   of	   carnivores	   and	   allows	   animals	   to	  
express	  more	  natural	  behaviors	  (e.g.	  Bond	  &	  Lindburg	  1990).	  An	  enhanced	  entertaining	  
experience	   also	   comes	   along	  with	   this	   increased	   animal	   activity	   (Bashaw	  et	   al.	   2003);	  
this	  raises	  the	  interest	  in	  a	  certain	  animal	  species	  and,	  thus,	  more	  likely	  involves	  visitors	  
in	  its	  conservation.	  All	  these	  positive	  features	  of	  carcass	  feeding	  might	  especially	  apply	  
to	  captive	  scavengers	  as	  their	  natural	  food	  source	  can	  be	  almost	  perfectly	  mimicked.	  
Nevertheless,	   North	   American	   zoos	   seem	   to	   prefer	   other	   feeding	   methods	   over	  
carcass	   feeding	   (Melfi	   &	   Knight	   2006).	   The	   argument	   of	   the	   need	   of	   nutritional	  
supplementation	  and	   the	   risk	   for	  pathogenic	  contamination	  seems	  to	  be	   invalid,	   since	  
they	  apply	  not	  only	   to	  carcass	  meat	  but	  also	   to	   the	  other	   food	  categories	  provided	  to	  
carnivores	   (Harrison	  et	  al.	  2006).	  The	  only	   sound	  disadvantages	  of	  carcass	   feeding	  are	  
the	   difficulty	   of	   finding	   a	   continuous	   and	   safe	   source	   of	   carcasses,	   the	   increased	  
financial	   investment	  and	  additional	   time	  for	  staff	   to	  clean	  the	  enclosure	  after	   feeding.	  
The	  fear	  of	  a	  public	  aversion	  against	  whole	  body	  prey	  fed	  on	  display	  might	  also	  be	  valid,	  
but	  needs	  further	  investigation.	  
In	   general,	   the	   current	   debate	   about	   carcass	   feeding	   relies	   on	   three	   assumptions	  
that	  still	  need	  further	  evaluation	  particularly	  for	  less	  prestigious	  carnivores	  as	  raptors:	  
1. Most	  North	  American	  zoos	  do	  not	  feed	  carcasses	  to	  their	  carnivores	  
2. Most	   North	   American	   zoo	   visitors	   do	   not	   want	   to	   see	   carnivores	   feed	   from	  
carcasses	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3. Captive	   carnivores	   will	   experience	   a	   positive	   behavioral	   change	   from	   carcass	  
feeding	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OBJECTIVES	  
	  
This	   study	   tested	   the	   three	   assumptions	   associated	   with	   carcass	   feeding	   and	  
thereby	   focused	   on	   vultures,	   Andean	   condors	   (Vultur	   gryphus)	   in	   particular.	   The	   first	  
part	   of	   this	   study	   assessed	   the	   prevalence	   of	   all	   food	   types	   for	   vultures	   in	   North	  
American	   zoos.	   Secondly,	   visitors	   of	   North	   American	   Zoos	  were	   surveyed	   about	   their	  
opinion	   on	   carcass	   feeding	   for	   zoo-­‐housed	   vultures.	   The	   final	   section	   compared	   the	  
behavioral	  reaction	  of	  Andean	  condors	  to	  the	  presentation	  of	  food	  items	  from	  all	   four	  
carnivore-­‐diet	  categories.	  
More	  specific,	  the	  following	  hypotheses	  were	  tested	  with	  this	  study:	  
1. Feeding	  vultures	  whole	   carcasses	  on	  exhibit	   is	  not	   very	   common	  among	  North	  
American	  zoos.	  
2. Most	  carcass	  feeding	  zoos	  feed	  their	  vultures	  small	  rodents	  as	  opposed	  to	  larger	  
prey.	  
3. The	  most	  prevalent	  reason	  for	  not	  feeding	  carcasses	  (at	  all	  or	  on	  exhibit)	   is	  the	  
visitors’	  opinion.	  
4. Visitors	  want	  to	  see	  natural	  behaviors	  in	  zoo	  animals	  and	  the	  main	  reason	  for	  a	  
potential	  acceptance	  of	  carcass	  feeding	  is	  its	  naturalness.	  
5. Visitors	   that	   disapprove	   of	   carcass	   feeding	  mostly	   do	   so	   because	   they	   do	   not	  
want	  children	  to	  be	  exposed	  to	  it.	  
6. Opinions	  on	  feeding	  prey	  and	  predator	  species	  that	  are	  closer	  to	  humans	  or	  pet-­‐
like	  are	  more	  negative.	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7. Education	   about	   carcass	   feeding	   influences	   public	   perception	   of	   this	   feeding	  
method.	  
8. Feeding	  time,	  general	  activity	  and	  behavioral	  diversity	  are	  highest	  when	  a	  large	  
carcass	  is	  provided.	  
9. Motivation	  to	  feed	  on	  a	  certain	  food	  type	  is	  higher	  for	  larger	  carcasses.	  




A	   web-­‐based	   survey	   called	   “Vulture	   Feeding	   Methods”	   was	   created	   using	   the	   online	  
platform	  “obsurvey”	  (www.obsurvey.com).	  After	  approval	  by	  the	  AZA	  Raptor	  TAG,	  an	  email	  with	  
a	  brief	  description	  of	  the	  research	  project	  and	  a	  link	  to	  the	  survey	  was	  sent	  to	  staff	  responsible	  
for	   the	   vulture	   collection	   at	   all	   AZA	   accredited	   institutions.	   The	   survey	   contains	   a	   total	   of	   six	  
questions	   related	   to	   the	   feeding	  methods	   plus	   three	   questions	   on	   contact	   information	   of	   the	  
participant.	  Only	  after	  one	  question	  is	  answered,	  the	  next	  question	  appears,	  since	  the	  previous	  
answer	  determines	  what	  will	  logically	  follow.	  A	  diagram	  with	  the	  questions	  and	  possible	  answer	  
choices	  is	  attached	  in	  the	  appendix	  (Appendix	  Figure	  14).	  
	  
Visitor	  Survey	  
Another	  survey	  called	  “Feeding	  Styles	  in	  Vultures:	  Visitor	  Survey”	  was	  designed	  and	  printed	  
on	  letter	  sized	  sheets	  of	  paper	  with	  questions	  on	  both	  sides	  (Appendix	  Figures	  15	  and	  16).	  The	  
survey	  consists	  of	  an	  introductory	  part	  on	  demographic	   information	  about	  the	  visitor,	  which	   is	  
followed	  by	  a	  section	  about	  general	  opinions	  on	  animal	  behavior	  and	  expectations	  to	  a	  zoo	  visit.	  
Subsequently,	  visitors	  are	  asked	  to	   indicate	   their	  attitude	  towards	  carcass	   feeding	   for	  vultures	  
depending	  on	  the	  prey	  species.	  They	  could	  then	  give	  a	  reason	  for	  their	  general	  opinion	  and	  rate	  
examples	  of	  measures	  the	  zoo	  could	  take	  to	  make	  large	  carcass	  feeding	  more	  acceptable.	  They	  
also	  had	   the	  opportunity	   to	  write	   about	   their	   own	   ideas	  on	  how	   to	   improve	   the	   situation	   for	  
visitors.	  The	  final	  section	  of	  the	  survey	  asks	  visitors	  about	  their	  opinion	  on	  large	  carcass	  feeding	  
for	  several	  carnivore.	  The	  survey	  was	  handed	  out	  between	  February	  and	  April	  2013	  to	  visitors	  in	  
four	  different	  zoos:	  Bronx	  Zoo,	  Bergen	  County	  Zoo,	  Beardsley	  Zoo	  and	  Franklin	  Park	  Zoo.	  Visitors	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filled	  out	   the	  questionnaire	  on	   their	   own	  and	  were	  only	  provided	  assistance	   if	   needed.	   There	  
were	   no	   prerequisites	   for	   taking	   the	   survey,	   but	   only	   one	   visitor	   per	   group	   was	   allowed	   to	  
answer	   the	  questions.	  Visitors	  were	  not	   told	  detailed	   information	  about	   the	   intentions	  of	   this	  
study	  before	  they	  completed	  the	  survey	  to	  avoid	  biased	  answers.	  
	  
Behavioral	  Study	  
The	   influence	  of	  different	   food	  types	  on	  vultures	  was	  tested	  using	  an	  observational	  study	  
on	  nine	  Andean	  condors	  (Vultur	  gryphus)	  housed	  in	  five	  different	  zoos.	  Andean	  condors	  are	  one	  
of	  the	  largest	  living	  bird	  species	  with	  a	  wingspan	  of	  up	  to	  3.2	  m	  (del	  Hoyo	  et	  al.	  1994)	  and	  are	  
currently	   listed	   as	   near	   threatened	   (IUCN	   2013).	   Their	   natural	   habitat	   is	   the	   grasslands	   and	  
alpine	  regions	  of	  the	  Andes,	  where	  they	  feed	  mostly	  on	  medium	  and	  large	  sized	  carcasses	  of	  e.g.	  
guanacos	  and	  domestic	  ungulates	  (Lambertucci	  et	  al.	  2009).	  Not	  only	  their	  natural	  history,	  but	  
also	  the	  fact	  that	  Andean	  condors	  are	  quite	  abundant	  among	  AZA	  institutions	  on	  the	  American	  
east	  coast	  makes	  them	  a	  suitable	  focal	  species	  for	  the	  behavioral	  part	  of	  this	  study.	  	  One	  set	  of	  
observations	  was	  conducted	  at	  each	  zoo	  and	  consisted	  of	  6	  days	  during	  which	  5	  different	  food	  
items	  were	  fed	  in	  a	  randomized	  order	  (see	  “Food	  Type	  Order”	  in	  Table	  1).	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Table	  1|	  Demographic	  and	  husbandry	  information	  on	  the	  observed	  Andean	  condors.	  The	  table	  also	  shows	  which	  subjects	  were	  generally	  included	  into	  the	  feeding	  session	  
analysis	  (Data	  Collected).	  Pre=	  pre-­‐feeding	  session;	  F=	  feeding	  session;	  Post=	  post-­‐feeding	  session.	  Experimental	  Feeding	  Schedule	  shows	  the	  order	  in	  which	  food	  
types	  were	  presented	  at	  each	  zoo.	  
	  







1	   Zoo	  1	   female	   	  30	   captive	  born	  	  
rats,	  mice,	  guinea	  pigs,	  
rabbits,	  chicken,	  large	  
carcass	  parts,	  commercial	  
meat	  diet	  
(housed	  






male	   37	   captive	  born	   rats,	  rabbits,	  chicken,	  fish,	  
quail,	  large	  carcass	  parts	  
	  	  
dominant	   Pre,	  F,	  Post	   Rats,	  Commercial	  
Diet,	  Goat,	  Rabbit,	  
Bones	  3	   female	   41	   captive	  born	   subordinate	   Pre,	  Post	  
4	  
Zoo	  3	  
female	   >53	   wild	  caught	   rats,	  mice,	  rabbits,	  
chicken,	  fish,	  quail,	  large	  
carcass	  parts	  
	  	  
dominant	   Pre,	  F,	  Post	   Bones,	  Goat,	  
Commercial	  Diet,	  
Rabbit,	  Rats	  5	   male	   2	   captive	  born	   subordinate	   Pre,	  Post	  
6	  
Zoo	  4	  
male	   >53	   wild	  caught	   commercial	  meat	  diet	  
	  	  
dominant	   Pre,	  F,	  Post	   Rabbit,	  Rats,	  
Goat,	  Bones,	  
Commercial	  Diet	  7	   female	   19	   captive	  born	   subordinate	   Pre,	  F,	  Post	  
8	  
Zoo	  5	  
male	   23	   captive	  born	   processed	  meat,	  rats,	  
mice,	  rabbits,	  fish	  
	  	  
dominant	   Pre,	  F,	  Post	   Goat,	  Rats,	  Bones,	  
Commercial	  Diet,	  
Rabbit	  9	   female	   12	   captive	  born	   subordinate	   Pre,	  Post	  
A	  commercial	  diet,	  bones,	   rats,	   rabbits	  and	  goats	  were	  presented	  to	  the	  birds.	  Table	  2	   includes	  a	  
definition	   for	   each	   of	   these	   food	   items	   as	   well	   as	   the	   approximate	   quantity	   that	   was	   provided.	   A	  
different	  type	  of	  food	  was	  fed	  each	  day	  except	  for	  the	  goat,	  which	  was	  presented	  to	  each	  bird	  on	  two	  
subsequent	  days.	  	  
	  
Food	  Items	   Description	   Quantity	  
Commercial	  
Diet	  	  	  
meat	  based,	  nutritionally	  whole	  processed	  diet;	  presented	  as	  a	  a	  



























1	  rabbit	  per	  
bird	  
Goat	  	   whole	  female	  or	  neutered,	  male	  goat	  of	  18kg	  -­‐	  24kg;	  goats	  were	  
exsanguinated	  through	  a	  slit	  throat	  causing	  an	  unnatural	  
opening	  on	  the	  neck	  
	  
1	  goat	  for	  
two	  birds,	  
for	  two	  days	  
Table	  2|	  Food	  Items.	  Definition	  of	  the	  five	  food	  types	  and	  the	  quantities	  presented	  to	  the	  subjects	  during	  the	  behavioral	  study.	  
	  
One	  of	   the	   subjects	   is	   the	  only	   specimen	  at	   that	   zoo	  and	   therefore	  housed	   singly,	   the	   remaining	  
four	   institutions	  each	  keep	  one	  male	  and	  one	   female	  Andean	  condor	  housed	   together	   (Table	  1).	  Pair-­‐
housed	  animals	  were	  observed	  and	  presented	  with	  the	  different	  food	  types	  simultaneously.	  	  
Data	  was	  collected	  in	  three	  observation	  sessions	  per	  day.	  The	  birds’	  behavior	  was	  documented	  via	  
instantaneous	  scan	  sampling	  in	  three	  minute	  intervals	  for	  approximately	  one	  hour	  prior	  to	  feeding	  (pre	  
feeding	  session)	  and	   for	  another	  hour	   later	   in	   the	  afternoon	   (post	   feeding	  session).	  Starting	  when	  the	  





session).	   The	   feeding	   session	   ended	  when	   the	   subjects	   stopped	   feeding	   and	  had	   not	   approached	   the	  
food	   item	  for	  20	  consecutive	  minutes.	   If	   the	  birds	  had	  not	  started	  feeding	  two	  hours	  after	   initial	   food	  
presentation	   the	   feeding	   session	   was	   terminated.	   Since	   it	   is	   difficult	   for	   one	   observer	   to	   time	   the	  
behavior	  of	  two	  birds	  simultaneously,	  behaviors	  of	  only	  one	  of	  the	  pair	  housed	  condors	  at	  Zoo	  2,	  Zoo	  3	  
and	   Zoo	   5	   was	   documented	   during	   feeding	   sessions.	   The	   bird	   chosen	   for	   documentation	   was	   the	  
individual	   that	   is	   dominant	   over	   food,	   since	   its	   feeding	   behavior	   is	   less	   influenced	   by	   the	   other	   bird.	  
Feeding	   session	  data	   is	   therefore	  available	  only	   for	   the	   subjects	  1,	   2,	   4,	   6,	   7	   and	  8	   (see	  Table	  1).	   The	  
categories	  used	  to	  document	  the	  animals’	  behaviors	  are	  defined	  in	  Table	  3.	  
	  
Behavioral	  Measure	   Definition	  
Inactivity	   Sitting	  or	  standing	  in	  one	  location	  while	  reacting	  to	  auditory	  or	  
visual	  stimuli	  from	  the	  environment	  
Resting	   Siting	  or	  standing	  in	  one	  location	  with	  eyes	  closed	  
Locomotion	   Walking	  or	  flying	  and	  thereby	  changing	  the	  location	  
Cleaning	   Preening	  feathers	  with	  beak;	  rubbing	  beak,	  head	  or	  neck	  against	  
an	  object	  or	  the	  ground	  
Environmental	  
Manipulation	  
Manipulating	  the	  environment	  or	  an	  object	  in	  it	  that	  is	  not	  a	  
food	  item	  with	  beak	  or	  feet;	  e.g.	  picking	  up	  and	  carrying	  sticks,	  
ripping	  off	  leaves	  from	  a	  plant,	  peeling	  off	  bark	  from	  a	  branch	  
Consumptive	  Behavior	   Handling	  of	  the	  food	  item;	  e.g.	  manipulating	  inedible	  parts	  of	  a	  
food	  item	  to	  get	  access	  to	  edible	  parts,	  dismantling	  the	  food	  
item,	  picking	  up	  a	  piece	  of	  food	  with	  the	  beak	  and	  swallowing	  it,	  
dragging	  or	  carrying	  a	  food	  item	  
Social	  Interaction	   Courting,	  mating;	  aggressive	  behaviors	  (e.g.	  chasing,	  biting)	  
Approach	  Time	   Time	  that	  elapsed	  between	  the	  initial	  provision	  of	  a	  food	  item	  
and	  the	  first	  consumptive	  behaviors	  shown	  by	  the	  bird	  
Handling	  Time	   Time	  between	  the	  initial	  provision	  of	  a	  food	  item	  and	  the	  end	  of	  
the	  last	  consumptive	  behaviors	  shown	  by	  the	  bird	  during	  the	  
feeding	  session	  observation	  period	  
Feeding	  Bout	   Period	  of	  time	  during	  which	  the	  bird	  continuously	  shows	  
consumptive	  behaviors	  
Feeding	  Session	  Time	   Time	  that	  elapsed	  between	  initial	  provision	  of	  a	  food	  item	  and	  
the	  termination	  of	  the	  observation	  session	  after	  consumptive	  
behaviors	  were	  not	  shown	  for	  20	  consecutive	  minutes.	  






The	   data	   collected	   with	   the	   zoo-­‐	   and	   visitor-­‐survey	   was	   analyzed	   using	   Microsoft®	   Excel.	   The	  
proportional	   representation	   of	   each	   answer	   choice	   to	   the	   number	   of	   total	   participants	   or	   a	   group	   of	  
participants	  was	  calculated.	  
Behaviors	   documented	   during	   pre-­‐	   and	   post-­‐feeding	   sessions	   were	   analyzed	   as	   percentages:	  
number	  of	  scan	  samples	   for	  one	  behavior	   in	  a	  session	  relative	   to	   the	   total	  number	  of	  samples	  of	   that	  
session.	   An	   arcsine	   transformation	   of	   this	   data	   was	   performed	   in	   Microsoft®	   Excel	   prior	   to	   statistic	  
analysis.	   In	  order	  to	  test	  for	  a	  general	  effect	  of	  food	  type	  or	  session	  (pre	  feeding	  and	  post	  feeding)	  on	  
the	  overall	  behavior,	  a	  two-­‐way	  ANOVA	  and	  LSD	  post	  hoc	  analysis	  was	  performed.	  The	  means	  of	  all	  post	  
feeding	  sessions	  were	  further	  compared	  separately	  with	  a	  one-­‐way	  ANOVA	  to	  test	  for	  an	  effect	  of	  food	  
type	  on	  the	  birds’	  behavior	  after	  feeding.	  Finally,	  the	  behavior	  before	  and	  after	  feeding	  on	  a	  certain	  food	  
type	  was	  tested	  for	  significant	  differences	  with	  paired	  t-­‐tests.	   IBM®	  SPSS®	  was	  used	  for	  all	  tests	  of	  the	  
statistic	  analysis.	  
The	  total	  times	  a	  bird	  spent	  cleaning	  itself	  and	  handling	  the	  food	  item	  during	  a	  feeding	  session,	  as	  
well	   as	   the	  number	  of	   feeding	  bouts,	   approach	   time	   to	   the	   food	  and	   the	  overall	   feeding	   session	   time	  
were	   calculated	   in	   Microsoft®	   Excel.	   The	   means	   over	   all	   the	   subjects	   for	   each	   food	   type	   were	   then	  
compared	  with	  a	  one-­‐way	  ANOVA	  and	  LSD	  analysis	  in	  IBM®	  SPSS®.	  
Behavioral	  data	  collected	  on	  birds	  that	  did	  not	  feed	  during	  the	  entire	  feeding	  session	  was	  excluded	  









The	  survey	  on	  vulture	  feeding	  methods	  for	  zoos	  received	  29	  individual	  responses	  from	  zoos	  
all	   over	   North	   America.	   When	   asked	   about	   the	   constellation	   of	   their	   vultures’	   diet,	   whole	  
carcasses	  and	  a	  commercial	  diet	  showed	  to	  be	  the	  predominant	  food	  types	  in	  the	  majority	  of	  
participating	   zoos:	   48%	   stated	   that	   they	   often	   feed	   commercial	   diet	   and	   14%	   even	   feed	   it	  
mainly	  or	  exclusively;	  about	  half	  of	  the	  zoos	  (52%)	  feed	  whole	  carcasses	  often	  and	  in	  38%	  of	  the	  
cases	  it	  is	  the	  main	  or	  sole	  food	  type	  in	  the	  vultures’	  diet.	  Only	  a	  small	  number	  of	  zoos	  stated	  
that	   they	   feed	  whole	   carcasses	   infrequently	   (7%)	   and	   even	   less	   never	   do	   carcass	   feeding	   for	  
their	  vultures	  (3%).	  Commercial	  diet	  is	  excluded	  from	  the	  birds’	  diet	  in	  28%	  of	  the	  participating	  
zoos.	   Processed	  meat	   seems	   to	   be	   the	   least	   frequent	   food	   type	  with	   55%	  of	   the	   zoos	   never	  
feeding	   it,	  17%	  feeding	   it	  rarely	  and	  only	  28%	  feeding	   it	  often.	  None	  of	  the	  participating	  zoos	  
feed	  their	  vultures	  mainly	  or	  only	  processed	  meat.	  Large	  carcass	  parts	  are	  fed	  often	  in	  a	  small	  
majority	  of	   the	  zoos	   (52%)	  but	  never	  mainly	  or	  exclusively.	  However,	  only	  10%	  never	  provide	  






Figure	  1|	  Frequency	  Of	  Food	  Types	  In	  The	  Diet	  of	  Zoo-­‐Housed	  Vultures.	  Percentages	  are	  calculated	  as	  number	  of	  responses	  
per	  answer	  choice	  relative	  to	  total	  number	  of	  respondents.	  
	  
Those	  participants	  who	  stated	  that	  they	  feed	  whole	  carcasses	  at	  least	  on	  an	  irregular	  basis	  
(97%	  of	  all	  participants)	  were	  asked	  to	  indicate	  which	  prey	  species	  they	  provide	  their	  vultures	  
with	  (Figure	  2).	  Rats	  (96%),	  rabbits	  (75%)	  and	  mice	  (68%)	  proved	  to	  be	  the	  most	  abundant	  prey	  
species	   and	   ungulate	   species	   are	   provided	   rather	   rarely	   (18%).	   Those	   zoos	   that	   do	   feed	  
ungulate	  carcasses	  were	   further	  asked	  to	  specify	   the	  species:	  goat,	  sheep,	  cattle,	  dairy	  calves	  







Figure	  2|	  Frequency	  Of	  Prey	  Species	  Used	  For	  Whole	  Carcass	  Feeding	  In	  Vultures.	  Percentages	  indicate	  how	  many	  zoos	  
selected	  a	  prey	  species	  as	  part	  of	  their	  vultures'	  diet	  relative	  to	  the	  total	  number	  of	  carcass	  feeding	  zoos.	  
Respondents	  were	  able	  to	  select	  several	  species.	  
	  
Of	  those	  participants	  who	  never	  feed	  whole	  carcasses	  none	  selected	  the	  “visitors’	  opinion”	  
or	  “nutritional	  issues”	  when	  asked	  why	  they	  refrain	  from	  carcass	  feeding.	  One	  of	  them	  pointed	  
out	  financial	  reasons,	  and	  another	  lack	  of	  availability.	  
The	  vast	  majority	  of	  the	  carcass-­‐feeding	  zoos	  (82%)	   let	  their	  visitors	  observe	  the	  vultures	  
eat	   whole	   carcasses.	   Only	   7%	   feed	   the	   vultures	   off	   exhibit	   or	   after	   visiting	   hours	   due	   to	   a	  
possible	   aversion	   of	   visitors	   against	   this	   feeding	   method;	   the	   remaining	   11%	   stated	   other	  





Further,	  71%	  of	  those	  participating	  zoos	  that	  feed	  their	  vultures	  whole	  carcasses	  on	  display	  
do	  not	  educate	  their	  visitors	  about	  carcass	  feeding.	  The	  remaining	  zoos	  either	  have	  educators	  
in	  front	  of	  the	  enclosure	  during	  feeding	  time	  (10%)	  or	  educate	  visitors	  through	  zoo	  staff	  on	  an	  
opportunistic	  level	  (29%).	  None	  of	  the	  zoos	  uses	  signs	  to	  inform	  visitors	  about	  carcass	  feeding	  
or	  to	  inform	  people	  that	  a	  whole	  carcass	  is	  in	  the	  enclosure	  before	  they	  get	  there.	  	  






A	  total	  of	  75	  visitor	  surveys	  were	  filled	  out	  between	  February	  and	  April	  2013.	  	  53	  of	  these	  
surveys	  were	  collected	  at	  the	  Bronx	  Zoo,	  10	  at	  Bergen	  County	  Zoo,	  8	  at	  Franklin	  Park	  Zoo	  and	  4	  
at	  Beardsley	  Zoo.	   	  60%	  of	  the	  respondents	  were	  female	  and	  36%	  male;	  the	  remaining	  4%	  did	  
not	  indicate	  their	  gender.	  Further,	  35%	  of	  the	  responding	  visitors	  were	  between	  the	  age	  of	  31	  
and	  50,	  25%	  were	  older	  than	  50	  years,	  23%	  were	  between	  20	  and	  30,	  8%	  were	  between	  12	  and	  
19,	  and	  5%	  were	  younger	  than	  12	  years	  old.	  39%	  of	  the	  respondents	  visit	  the	  zoo	  at	  least	  once	  a	  
year,	  24	  %	  visit	  every	  couple	  of	  months,	  and	  12%	  visit	  at	  least	  every	  month.	  Another	  12%	  visit	  
only	  every	  couple	  of	  years,	  4%	  have	  not	  come	  to	  the	  zoo	  since	  they	  were	  children	  and	  3%	  were	  
on	  their	  first	  visit	  to	  any	  zoo.	  The	  question	  on	  the	  number	  of	  children	  in	  the	  visitor’s	  group	  was	  
skipped	  in	  nearly	  half	  of	  all	  surveys	  and	  is	  thus	  excluded	  from	  the	  results	  section.	  
When	   asked	   if	   they	   think	   that	   zoo	   animals	   are	   generally	   inactive,	   the	   majority	   of	   visitors	  
disagreed	  at	  least	  to	  some	  extent;	  about	  a	  quarter	  of	  the	  respondents	  somewhat	  agreed	  with	  
the	  statement	  and	  only	  7%	  agreed	  entirely	  (Figure	  3a).	  Moreover,	  the	  majority	  of	  respondents	  
would	   prefer	  more	   activity	   in	   zoo	   animals;	   13%	   somewhat	   disagreed,	   7%	   disagreed	   entirely.	  
15%	  had	  no	  opinion	  on	  this	  statement	  (Figure	  3b).	  When	  asked	  if	  the	  visitors	  think	  that	  they	  can	  
see	   many	   natural	   behaviors	   in	   zoo	   animals	   28%	   answered	   that	   they	   somewhat	   agreed,	   a	  
quarter	   completely	   agreed	   and	   another	   quarter	   did	   not	   have	   an	   opinion;	   further,	   20%	  
somewhat	   disagreed	   and	   1%	   did	   not	   agree	   at	   all	   (Appendix	   Figure	   17).	   Most	   respondents	  
agreed	  with	  the	  statement	  that	  they	  would	  like	  to	  see	  at	  least	  some	  more	  natural	  behaviors	  in	  
zoo	   animals;	   20%	   did	   not	   express	   an	   opinion,	   7%	   somewhat	   disagreed	   and	   4%	   completely	  





animals	   is	   linked	   to	   the	  degree	  of	   care	   they	   receive;	  24%	  agreed	   to	   some	  extent,	  7%	  had	  no	  
opinion	  on	  this,	  3%	  somewhat	  disagreed	  and	  1%	  clearly	  disagreed	  (Figure	  3d).	  
	  
When	  asked	  what	  they	  think	  that	  most	  vulture	  species	  eat	   in	  nature,	  about	  half	   (52%)	  of	  
the	  visitors	  chose	  ‘carcasses	  of	  large	  animals’	  and/or	  ‘carcasses	  of	  small	  rodents’,	  23%	  believed	  
that	  vultures	  hunt	  small	  rodents	  and	  5%	  believed	  that	  they	  hunt	  large	  animals.	  5%	  chose	  ‘fruit,	  
vegetables,	  seeds	  and	  insects’	  as	  the	  natural	  diet	  of	  vultures	  (Appendix	  Figure	  18).	  
	  
	  
48%	  of	  the	  visitors	  indicated	  that	  they	  have	  seen	  vultures	  feed	  from	  large	  carcasses	  in	  a	  TV	  
show,	  21%	  stated	  they	  have	  seen	  it	  in	  nature	  and	  3%	  saw	  it	  in	  a	  zoo.	  33%	  responded	  that	  they	  
never	  saw	  vultures	  feed	  from	  large	  carcasses.	  





On	  average,	  half	  of	  all	  the	  visitors	  approved	  of	  carcass	  feeding	  for	  vultures	  and	  would	  like	  
to	   see	   it	   (arithmetic	   mean	   over	   all	   answer	   choices	   for	   the	   different	   prey	   species);	   34%	   still	  
approved	  but	  did	  not	  want	  to	  see	  it.	  Only	  8%	  on	  average	  disapproved	  of	  carcass	  feeding	  over	  all	  
given	  prey	  species.	  The	  majority	  of	  respondents	  approved	  of	  carcass	  feeding	  for	  all	  prey	  species	  
but	  with	  increasing	  carcass	  size,	  more	  and	  more	  visitors	  preferred	  not	  to	  observe	  the	  vultures	  
eat.	   The	   number	   of	   visitors	   that	   disapproved	   of	   carcass	   feeding	   increased	   accordingly	   with	  
carcass	  size	  but	  never	  exceeded	  12%.	  (Figure	  4).	  
	  
Figure	  4|	  Visitor	  Opinion	  Of	  Feeding	  Several	  Prey	  Species	  As	  Whole	  Carcasses	  To	  Vultures.	  Visitors	  were	  asked	  to	  state	  their	  opinion	  on	  carcass	  feeding	  for	  each	  of	  
the	  listed	  prey	  species.	  
Visitors	  were	  further	  asked	  to	  pick	  statements	  that	  best	  describe	  their	  general	  opinion	  on	  large-­‐
carcass	   feeding	   for	   vultures.	   60%	   indicated	   that	   they	   approve	  because	   it	   is	   a	   natural	   feeding	  
method	  for	  vultures.	  23%	  said	  they	  approve	  because	  carcass	  feeding	   is	  probably	  good	  for	  the	  
vultures.	  17%	  disapprove	  because	  they	  do	  not	  want	  children	  to	  see	  a	  vulture	  feeding	  on	  a	  large	  
carcass	   and	   9%	   disapprove	   because	   it	  might	   upset	   them.	   7%	   find	   it	   cruel	   to	   show	   a	   vulture	  
feeding	  on	  a	  carcass.	  (Figure	  5).	  Moreover,	  44%	  of	  the	  respondents	  think	  vultures	  would	  benefit	  
from	  large-­‐carcass	  feeding,	  7%	  think	  they	  would	  not	  benefit	  and	  45%	  were	  indecisive.	  	  
	  
	  
Figure	  5|	  General	  Visitor	  Opinion	  On	  Carcass	  Feeding.	  Visitors	  were	  able	  to	  select	  more	  than	  one	  answer	  choice;	  only	  one	  






Most	   visitors	   had	   the	   opinion	   that	   educating	   visitors	   about	   natural	   feeding	   behaviors	   of	  
vultures	  while	   a	   large	   carcass	   is	   in	   an	   exhibit	   would	  make	   carcass	   feeding	  more	   acceptable.	  
Even	   warning	   signs	   seem	   to	   make	   a	   difference	   to	   visitors,	   although	   less	   so	   than	   education	  
approaches.	  	  Only	  about	  20%	  of	  the	  respondents	  thought	  none	  of	  the	  approaches	  would	  make	  
a	  positive	  or	  negative	  difference	  to	  the	  acceptability	  of	  carcass	  feeding	  (Figure	  6).	  The	  visitors	  
were	  also	  asked	  to	  think	  of	  other	  measures	  the	  zoo	  could	  take	  to	  make	   large	  carcass	   feeding	  
more	  acceptable	  for	  visitors.	  The	  most	  common	  responses	  were	  to	  feed	  the	  vultures	  before	  or	  
after	  opening	  hours	  or	  to	  place	  the	  carcass	  in	  an	  area	  of	  the	  enclosure	  that	  is	  not	  exposed	  to	  all	  
visitors	  but	   still	   accessible	   for	   those	  who	  want	   to	   see	   it.	   Explaining	  where	   the	   carcass	   comes	  







Although	   most	   of	   the	   respondents	   generally	   approved	   of	   carcass	   feeding	   for	   other	  
carnivores,	  a	  slight	  increase	  in	  disapproval	  from	  birds	  and	  reptiles	  to	  mammal	  species	  is	  visible.	  
When	  compared	  to	  opinions	  on	  carcass	   feeding	   for	  vultures	   the	  average	   levels	  of	  acceptance	  
and	  refusal	  are	  similar	  to	  those	  for	  other	  carnivores	  (Figure	  7).	  
	  
Figure	  6|	  Visitor	  Opinion	  On	  Measures	  The	  Zoo	  Could	  Take	  To	  Make	  Carcass	  Feeding	  More	  Acceptable.	  Visitors	  were	  asked	  to	  






Figure	  7|	  Visitor	  Opinion	  On	  Carcass	  Feeding	  For	  Other	  Carnivore	  Species.	  Visitors	  were	  asked	  to	  indicate	  their	  opinion	  on	  carcass	  






Not	  all	  of	  the	  subjects	  fed	  from	  every	  type	  of	  food	  they	  were	  provided	  with:	  bird	  5,	  7,	  8	  and	  
9	  did	  not	   feed	   from	   the	   goat	   carcass	   at	   all.	   Subject	   6	  only	   consumed	  a	   small	   piece	   from	   the	  
goat’s	  open	  neck	  on	  the	  first	  day	  of	  presentation	  and	  did	  not	  feed	  for	  the	  rest	  of	  the	  day	  and	  
the	  second	  day	  of	  goat	  presentation.	  Bird	  6	  and	  7	  also	  rejected	  the	  bones	  they	  were	  given	  and	  
bird	  7	  did	  not	  feed	  from	  the	  commercial	  diet.	  Bird	  1	  was	  never	  provided	  with	  the	  goat	  carcass	  
during	  this	  study.	  
The	   food	   type	   had	   a	   significant	   effect	   on	   the	   feeding	   session	   time	   (one-­‐way	   ANOVA,	   F=	  
5.838,	  df=5,	  p=0.002).	  The	  feeding	  session	  time	  for	  goat	  day	  1	  was	  significantly	  higher	  than	  on	  
all	  other	  observation	  days	   (Goat1-­‐Commercial	  diet:	   LSD,	  p<0.0005;	  Goat1-­‐Rats:	   LSD,	  p=0.001;	  
Goat1-­‐Bones:	  LSD,	  p=0.002;	  Goat1-­‐Rabbit:	  LSD,	  p=0.012;	  Goat1-­‐Goat2:	  LSD,	  p=0.033).	  Further,	  
the	  rabbit	  feeding	  session	  was	  significantly	  longer	  than	  the	  commercial	  diet	  session	  and	  there	  is	  
a	  trend	  for	  longer	  sessions	  with	  goat	  day2	  compared	  to	  commercial	  diet	  sessions	  (Commercial	  







On	   average,	   the	   observed	   birds	   approached	   the	   rabbit	   and	   the	   goat	   on	   the	   second	   day	  
almost	   immediately	  after	   it	  was	   initially	  presented.	   	  Commercial	   food	  and	  goat	  day	  1	  had	  the	  
longest	  mean	  approach	   times.	  There	  seems	   to	  be	  no	  overall	  effect	  of	   food	   type	  on	  approach	  
time	   (one-­‐way	   ANOVA,	   F=1.282,	   df=5,	   p=0.31)	   but	   the	   birds	   came	   significantly	   faster	   to	   the	  
rabbit	   than	  to	   the	  goat	  carcass	  on	   the	   first	  day	  of	  presentation	   (Rabbit-­‐Goat1:	  LSD,	  p=0.029).	  
Figure	  8|	  Feeding	  Session	  Time	  For	  Each	  Observation	  Day.	  Total	  time	  from	  the	  initial	  presentation	  of	  a	  food	  type	  until	  20	  
minutes	  after	  the	  last	  contact	  with	  the	  food	  item;	  data	  is	  presented	  as	  mean+sd;	  different	  letters	  indicate	  





The	  rats,	  bones	  and	  goat	  day	  2	  approach	  times	  were	  not	  significantly	  different	  from	  goat	  day1	  
approach	   time	   but	   tendencies	   are	   visible.	   (Rats-­‐Goat1:	   LSD,	   p=0.051;	   Bones-­‐Goat1:	   LSD,	  














There	  was	   no	   overall	   effect	   of	   food	   type	   on	   the	   number	   of	   feeding	   bouts	   (one-­‐way	  ANOVA,	  
F=1.174,	  df=5,	  p=0.356)	  but	   there	   is	   a	   trend	   for	   less	   feeding	  bouts	  with	   commercial	  diet	   and	  
bones	   compared	   to	   goat	   day1	   (Commercial	   diet-­‐Goat1:	   LSD,	   p=0.078;	   Bones-­‐Goat1:	   LSD,	  
p=0.086).	  (Appendix	  Figure	  19).	  
	  
Figure	  9|	  Approach	  Time	  For	  Each	  Observation	  Day.	  Time	  that	  elapsed	  between	  initial	  food	  presentation	  and	  the	  first	  handling	  






The	  total	  handling	  time	  was	  significantly	  influenced	  by	  the	  type	  of	  food	  (one-­‐way	  ANOVA,	  
F=2.761,	   df=5,	   p=0.047).	   The	   condors	   spent	   significantly	   less	   time	   handling	   the	   food	   on	   the	  
commercial	   diet	   than	   on	   rabbit	   or	   goat	   day	   1	   (Commercial	   diet-­‐Rabbit:	   LSD,	   p=0.005;	  
Commercial	  diet-­‐Goat1:	  LSD,	  p=0.029)	  The	  handling	  time	  for	  commercial	  diet	  also	  tends	  to	  be	  
less	   than	   for	   bones	   (Commercial	   diet-­‐Bones:	   LSD,	   p=0.052).	   The	   handling	   time	   for	   rats	   was	  
significantly	   less	   than	   rabbit	   handling	   time	   and	   a	   tendency	   towards	   decreased	   handling	   time	  









The	   birds	   spent	   more	   or	   less	   time	   on	   cleaning	   during	   or	   immediately	   after	   feeding	  
depending	  on	  the	  food	  type	  (one-­‐way	  ANOVA,	  F=2.949,	  df=5,	  p=0.037).	  The	  cleaning	  time	  for	  
the	  goat	  day	  2	  session	  was	  significantly	  longer	  than	  for	  all	  other	  food	  types	  except	  goat	  day	  1	  
(Goat2-­‐Commercial	   diet:	   LSD,	   p=0.007;	   Goat2-­‐Rats:	   LSD,	   p=0.005;	   Goat2-­‐Bones:	   LSD,	   p=0.02;	  
Goat2-­‐Rabbit:	   LSD,	   p=0.042).	   Further,	   goat	   day	   1	   cleaning	   time	  was	   significantly	   longer	   than	  
Figure	  10|	  Handling	  Time	  Of	  the	  Food	  Item	  For	  Each	  Observation	  Day.	  Total	  time	  birds	  spent	  handling	  the	  food	  item	  during	  the	  





clanging	  time	  when	  fed	  rats	  and	  trends	  towards	  a	  higher	  cleaning	  time	  than	  for	  commercial	  diet	  




Figure	  11|	  Cleaning	  Time	  For	  Each	  Observation	  Day.	  Total	  time	  the	  birds	  spent	  performing	  cleaning	  behaviors	  between	  feeding	  






During	   most	   of	   the	   pre-­‐	   and	   post-­‐feeding	   observation	   sessions	   the	   birds	   were	   inactive.	  
Cleaning	   behavior	   and	   locomotion	  were	   the	   second	  most	   observed	   behaviors	   outside	   of	   the	  
feeding	  sessions	  (Appendix	  Figure	  20).	  
The	   analyzed	   data	   suggests	   that	   some	   of	   the	   observed	   behaviors	   before	   and	   after	   the	  
feeding	  sessions	  significantly	  varied	  with	  the	  food	  type	  provided:	  the	  food	  type	  seems	  to	  have	  
an	   influence	  on	  the	  birds	  overall	   inactivity	   (two-­‐way	  ANOVA,	  F=2.474,	  df=5,	  p=0.041)	  and	  the	  
amount	   of	   consumptive	   behaviors	   shown	   outside	   of	   the	   feeding	   session	   (two-­‐way	   ANOVA,	  
F=4.029,	  df=5,	  p=0.003).	  
The	  comparison	  of	  behaviors	  before	  and	  after	  feeding	  did	  only	  reveal	  a	  significant	  increase	  
in	  social	  interactions	  after	  feeding	  when	  the	  birds	  were	  fed	  bones	  (two-­‐tailed,	  paired	  t	  test,	  t=-­‐
2.464,	   df=6,	   p=0.049).	   Other	   than	   that	   there	   was	   a	   tendency	   towards	   increased	   cleaning	  
behavior	  after	   feeding	  on	   the	  goat	  carcass	   for	   the	   first	  day	   (two	  tailed,	  paired	   t	   test,	   t=-­‐2.78,	  
df=3,	  p=0.069).	  None	  of	  the	  other	  measured	  behaviors	  differed	  between	  pre	  and	  post	  feeding	  
sessions	  (Appendix	  Figure	  20).	  	  
When	   focusing	  only	  on	   the	  post	   feeding	  behavior,	   the	  effect	  of	   food	  type	  on	   inactivity	   is	  
insignificant	   (one-­‐way	   ANOVA,	   F=1.034,	   df=5,	   p=0.413)	   but	   post	   hoc	   LSD	   shows	   a	   significant	  
decrease	  of	  inactivity	  from	  the	  day	  of	  rabbit	  feeding	  to	  goat	  day	  1.	  (Appendix	  Figure	  21).	  
Further,	  the	  birds	  expressed	  more	  or	  less	  cleaning	  behaviors	  during	  the	  afternoon	  session	  
depending	  on	  what	  type	  of	  food	  they	  had	  (one-­‐way	  ANOVA,	  F=3.321,	  df=5,	  p=0.015):	  The	  mean	  
levels	   of	   cleaning	   behavior	   after	   feeding	   on	   the	   commercial	   diet	   or	   on	   rats	   are	   significantly	  
higher	   than	   those	   after	   feeding	   on	   bones	   and	   rabbit	   (Commercial	   diet-­‐Bones:	   LSD,	   p=0.011;	  





There	  is	  also	  a	  tendency	  towards	  higher	  cleaning	  levels	  in	  the	  afternoon	  of	  the	  first	  day	  of	  goat	  
provision	   compared	   to	   rats	   and	   bones	   (Goat1-­‐Rabbit:	   LSD,	   p=0.065;	   Goat1-­‐Bones:	   LSD,	  
p=0.058).	  The	  mean	  level	  of	  cleaning	  behaviors	  on	  goat-­‐day	  2	  are	  slightly	  higher	  than	  those	  for	  
rats	  and	  bones	  but	  are	  not	  significantly	  different	  from	  any	  other	  food	  type.	  (Figure	  12).	  
	  
	  
Figure	  12|	  Levels	  Of	  Cleaning	  Behavior	  During	  Post	  Feeding	  Sessions	  For	  Each	  Observation	  Day.	  Number	  of	  scan	  samples	  that	  
documented	  cleaning	  behaviors	  relative	  to	  the	  total	  number	  of	  samples	  of	  a	  session;	  data	  is	  presented	  as	  mean+sd;	  






Food	  type	  also	  had	  an	  effect	  on	  the	  consumptive	  behavior	  during	  the	  post	  feeding	  session	  
(one-­‐way	   ANOVA,	   F=4.029,	   df=5,	   p=0.006).	  When	   provided	  with	   bones	   or	   rabbit,	   no	   condor	  
ever	  went	  back	  to	  their	   food	  during	  the	  afternoon	  session.	  The	  mean	  values	   for	  consumptive	  
behavior	  after	  the	  feeding	  sessions	  with	  commercial	  diet	  and	  rats	  are	  also	  very	  small.	  On	  goat	  
day	  1	  the	  consumptive	  behaviors	  in	  the	  afternoon	  are	  already	  higher	  and	  on	  the	  second	  day	  of	  
goat	  carcass	  feeding	  the	  birds	  spent	  significantly	  more	  time	  feeding	  in	  the	  afternoon	  than	  with	  
any	   other	   food	   type	   (Goat2-­‐Commercial	   diet:	   LSD,	   p=0.001;	  Goat2-­‐Rat:	   LSD,	   p=0.001;	  Goat2-­‐










The	   amounts	   of	   environmental	   manipulation,	   social	   interaction	   and	   locomotion	   in	   the	  
afternoon	  seem	  to	  be	   independent	  of	   the	   food	   type	  presented	   (Environmental	  manipulation:	  
one-­‐way	   ANOVA,	   F=0.849,	   df=5,	   p=0.525;	   locomotion:	   one-­‐way	   ANOVA,	   F=0.708,	   df=5,	  
p=0.621;	  social	  interaction:	  one-­‐way	  ANOVA,	  F=0.366,	  df=5,	  p=0.869).	  (Appendix	  Figure	  22-­‐24).
Figure	  13|	  Levels	  Of	  Consumptive	  Behaviors	  During	  Post	  Feeding	  Sessions	  For	  Each	  Observation	  Day.	  Number	  of	  
scan	   samples	   that	   documented	   consumptive	   behaviors	   relative	   to	   the	   total	   number	   of	   samples	   of	   a	  









Since	  Melfi	   and	  Knight	   (2006)	   found	   that	   commercial	   diet	   seems	   to	   be	   the	  predominant	  
food	   source	   for	   felids	   in	  North	   American	   zoos,	   it	  was	   expected	   to	   find	   similar	   results	  with	   a	  
survey	  for	  vulture	  feeding	  methods.	  The	  responses,	  however,	  suggest	  that	  whole	  carcasses	  are	  
the	  main	  food	  source	  for	  vultures	  in	  a	  lot	  of	  North	  American	  zoos.	  Only	  very	  few	  respondents	  
stated	  that	  their	  vultures	  are	  never	  fed	  whole	  carcasses.	  Pure	  muscle	  meat	  seems	  to	  be	  a	  rather	  
uncommon	  diet	  for	  vultures,	  possibly	  due	  to	  the	  disadvantages	  when	  compared	  to	  the	  similar	  
commercial	   diet:	   pure	   muscle	   meat	   is	   more	   expensive,	   not	   nutritionally	   complete	   and	   can	  
require	  more	  time	  for	  meal	  preparation.	  Large	  carcass	  parts	  on	  the	  other	  hand	  are	  fed	  often	  in	  
the	  majority	  of	  zoos.	  Parts	  usually	  contain	  only	  small	  amounts	  of	  meat	  and	  are	  commonly	  fed	  
on	   starve	   days	   (days	   on	   which	   zoo	   carnivores	   would	   usually	   receive	   no	   food	   to	   mimic	   the	  
irregular	  food	  intake	  in	  nature);	  this	  probably	  explains	  why	  none	  of	  the	  zoos	  feed	  large	  carcass	  
parts	   exclusively.	   More	   than	   a	   quarter	   of	   all	   respondents	   stated	   that	   commercial	   food	   is	  
excluded	  from	  their	  vultures’	  diet	  but	  almost	  half	  of	  them	  feed	  it	  often.	  The	  commercial	  diet	  is	  
therefore	  not	  as	  abundant	  as	  whole	  carcass	  feeding	  but	  still	  a	  major	  part	  in	  the	  diet	  of	  vultures	  
at	  many	  North	  American	  zoos.	  In	  line	  with	  the	  expectations	  for	  the	  most	  frequent	  prey	  species	  
fed	   as	   whole	   carcasses,	   almost	   all	   of	   the	   surveyed	   zoos	   use	   rats	   as	   a	   food	   source	   for	   their	  
vultures.	   Rabbits	   and	   mice	   were	   the	   second	   and	   third	   abundant	   prey	   species	   and	   larger	  





	  Surprisingly,	   most	   of	   the	   zoos	   that	   feed	   their	   vultures	   whole	   carcasses	   do	   so	   in	   the	  
presence	  of	  visitors.	  However,	   they	  do	  not	  educate	   them	  about	   this	   feeding	  method	  at	  all	  or	  
only	   on	   an	   opportunistic	   level.	   Although	   signs	   are	   a	   rather	   inexpensive	  way	   to	  make	   carcass	  
feeding	  more	   acceptable	   to	   visitors,	   none	  of	   the	   surveyed	   zoos	   uses	   them	   to	   either	   educate	  
about	  natural	  feeding	  behaviors	  of	  vultures	  and	  carcass	  feeding	  or	  to	  warn	  visitors	  that	  might	  
not	   want	   to	   see	   a	   carcass	   in	   a	   zoo	   exhibit.	   A	   potential	   explanation	   could	   be	   that	   education	  
about	  carcass	  feeding	  is	  perceived	  as	  unnecessary	  as	  long	  as	  only	  small	  prey	  is	  fed.	  	  
Since	  only	  very	  few	  of	  the	  respondents	  seem	  to	  feed	  whole	  carcass	  rarely	  or	  not	  at	  all,	  the	  
question	  why	  zoos	  refrain	  from	  carcass	  feeding	  could	  not	  be	  answered	  with	  this	  survey.	  Future	  
studies	  could	  focus	  more	  on	  the	  reasons	  for	  feeding	  only	  small	  prey	  to	  zoo-­‐housed	  vultures.	  A	  
less	   ambivalent	   categorization	   of	   food	   type	   frequencies	   in	   the	   vultures’	   diet	   could	   also	   be	  
helpful	  when	  analyzing	  the	  data.	  	  
	  
Visitor	  Survey	  
The	  results	  of	  this	  study	  suggest	  that	  North	  American	  zoo	  visitors	  would	   like	  to	  see	  more	  
activity	   and	   natural	   behaviors	   in	   zoo	   animals	   and	   that	   they	   link	   the	   expression	   of	   natural	  
behaviors	   to	   an	  animal’s	  welfare.	   The	  majority	  of	   visitors	   know	   that	   vultures	   are	   scavengers,	  
although	  equally	  many	  people	  selected	  small	  and	  large	  carrion	  as	  the	  main	  food	  source.	  It	  can	  
thus	   be	   inferred	   that	   most	   respondents	   know	   that	   carcasses	   in	   general	   are	   a	   natural	   food	  
source	   for	   zoo-­‐housed	   vultures.	   The	   question	  whether	   visitors	   think	   that	   the	   vultures	  would	  
benefit	  from	  feeding	  on	  large	  carcasses	  received	  somewhat	  inconclusive	  answers:	  44%	  affirmed	  





insecurity	  might	  be	  due	  to	  the	  specific	  mentioning	  of	  “large	  carcasses”	   in	  the	  question.	  Those	  
people	  who	  believe	  that	  natural	  behaviors	  are	  linked	  to	  welfare	  but	  think	  that	  vultures	  mainly	  
eat	  small	  carrion	  might	  be	  irritated	  by	  this	  question.	  Further,	  providing	  an	  alternative	  to	  large	  
carcass	  feeding	  in	  this	  question	  might	  have	  also	  resulted	  in	  a	  more	  conclusive	  result,	  i.e.	  asking	  
whether	  visitors	  think	  that	  vultures	  would	  benefit	  from	  feeding	  on	  large	  carcasses	  compared	  to	  
feeding	  on	  small	  carcasses	  or	  a	  commercial	  meat	  diet.	  
Since	  most	  visitors	  seem	  to	  recognize	  carcasses	  as	  the	  natural	  diet	   for	  vultures	  and	  favor	  
natural	   behaviors	   in	   zoo	   animals,	   the	   general	   opinion	   on	   carcass	   feeding	   is	   coherent:	   most	  
people	  approve	  of	  large	  carcass	  feeding	  mostly	  because	  it	  is	  natural	  for	  the	  animal	  and	  secondly	  
because	   it	  might	   increase	   the	   vultures’	   welfare.	   The	  most	   common	   reason	  why	   people	  may	  
generally	  disapprove	  of	  carcass	  feeding	  was	  because	  they	  found	  it	  inappropriate	  for	  children	  to	  
see.	  Many	  people	  that	  approved	  of	  carcass	  feeding	  but	  did	  not	  want	  to	  see	  the	  vultures	  eat	  the	  
different	  prey	  species	  selected	  these	  three	  choices	  to	  explain	  their	  answer	  and	  thereby	  maybe	  
indicated	  an	  inner	  conflict	  between	  their	  own	  needs	  and	  those	  of	  the	  animal.	  
The	  results	  of	  this	  survey	  further	  affirm	  the	  hypothesis	  that	  there	  is	  a	  hierarchy	  of	  concern	  
for	  the	  different	  prey	  species	  that	  are	  fed	  to	  vultures	  as	  whole	  carcasses:	  disapproval	  of	  carcass	  
feeding	   slightly	   increases	   with	   carcass	   size	   and	   taxonomic	   proximity	   to	   humans.	   The	   visitors	  
were	  less	  concerned	  with	  the	  feeding	  of	  fish-­‐	  or	  bird-­‐carcasses	  than	  they	  were	  with	  carcasses	  of	  
mammalian	  species.	  Rats	  are	  an	  exception	  to	  this	  conclusion,	  since	  they	  reached	  similar	  levels	  
of	   approval	   and	   disapproval	   than	   fish	   and	   chicken.	   A	   possible	   explanation	   is	   the	   negative	  
connotation	   of	   rats	   as	   a	   pest	   or	   disease	   carrier.	   In	   general,	  most	   people	   approve	   of	   carcass	  





who	  approve	  but	  prefer	  not	  to	  to	  see	  vultures	  feed	  on	  carcasses.	  However,	  compared	  to	  other	  
prey	  species	  less	  people	  want	  to	  observe	  vultures	  feed	  on	  a	  rabbit	  and	  even	  less	  on	  ungulates.	  
Although	   the	   source	   of	   ungulate	   carcasses	   seems	   to	   have	   no	   great	   influence	   on	   the	   visitors’	  
opinion,	   there	   is	   a	   slight	   trend	   towards	   a	  more	   negative	   response	   to	   the	   feeding	   of	   captive	  
ungulates	  compared	  to	  wild	  ungulates.	  In	  fact,	  for	  the	  feeding	  of	  captive	  ungulates,	  the	  number	  
of	  visitors	  who	  do	  not	  want	  to	  observe	  carcass	  feeding	  exceeds	  that	  of	  people	  who	  want	  to	  see	  
it.	  A	  possible	  reason	  might	  be	  that	  people	  have	  moral	  concerns	  with	  the	  raising	  and	  killing	  of	  
animals	  solely	  for	  the	  purpose	  of	  feeding	  the	  vultures.	  	  
A	  potential	  hierarchy	  of	  concern	  for	  the	  carnivore	  species	  is	  less	  apparent	  from	  the	  results	  
of	   this	   study.	  Generally,	   the	  majority	   of	   visitors	   agreed	  with	   carcass	   feeding	   for	   all	   the	   given	  
carnivores	   and	  most	   of	   them	   also	   wanted	   to	   observe	   it.	   The	   highest	   level	   of	   disagreement,	  
though,	   could	   be	   found	   for	   the	   feeding	   of	   carcasses	   to	   big	   cats.	   Also,	   slightly	   less	   people	  
indicated	  that	  they	  would	  want	  to	  see	  carcass	  feeding	  for	  big	  cats	  and	  bears	  than	  for	  reptiles	  
and	  bird	  species	  but	  still	  a	  vast	  majority	  approves	  of	  it	  and	  most	  of	  them	  also	  want	  to	  see	  it.	  
Lastly,	   the	   results	   of	   this	   survey	   show	   that	   most	   visitors	   perceive	   all	   the	   suggested	  
measures	   that	   the	   zoo	   could	   take	   as	   an	   improvement.	  Although	  education	   through	   zoo	   staff	  
seems	  to	  be	  slightly	  more	  appreciated,	  education-­‐	  and	  warning-­‐signs	  still	  make	  a	  difference	  for	  
the	  majority	  of	   respondents.	  During	   the	  presentation	  of	   rabbit	  and	  goat	  carcasses	   to	  Andean	  
condors	  for	  the	  behavioral	  part	  of	  this	  study	  the	  visitors’	  reactions	  seemed	  to	  be	  more	  negative	  
when	   no	   educators	   or	   keepers	   were	   present.	   The	   suggestion	   to	   feed	   carcasses	   outside	   of	  
opening	  hours	  might	  not	  be	  an	  ideal	  approach,	  since	  many	  visitors	  would	  like	  to	  see	  that.	  Giving	  





more	  effective	  solution,	  for	   instance,	  through	  building	  an	  enclosure	  that	  has	  a	  dedicated	  area	  
for	  carcass	  feeding.	  
A	  possible	  error	  source	  for	  this	  survey	  could	  be	  the	  winter	  season	  during	  which	  responses	  
were	  collected.	  Surveys	  answered	  by	  high-­‐season	  visitors	  might	  be	  more	  representative	  of	  the	  
general	   opinion	   of	   zoo	   visitors.	   Furthermore,	   future	   studies	   should	   collect	   responses	   from	  
visitors	  of	  zoos	  in	  different	  areas	  of	  Northern	  America	  to	  control	  for	  potential	  biases	  caused	  by	  
regional	  mentalities.	  	  Observing	  visitor	  reactions	  in	  front	  of	  a	  zoo	  enclosure	  where	  a	  carcass	  is	  
fed	   might	   also	   be	   very	   insightful.	   The	   influence	   of	   prey	   species,	   carnivore	   species	   and	  
educational	  approach	  could	  be	  measured	  directly	  with	  this	  approach.	  
	  
Behavioral	  study	  
Food	  handling	   time	   is	  dependent	  on	   the	  complexity	  of	   the	   food	   type	  and	   the	  motivation	  
and	  satiation	  of	  the	  bird.	  As	  expected,	  the	  birds	  only	  spent	  a	  couple	  of	  minutes	  on	  handling	  the	  
commercial	  meat,	  which	  is	  less	  than	  for	  any	  other	  food	  type.	  This	  could	  be	  ascribed	  to	  the	  birds’	  
lack	  of	  motivation	  to	  feed	  from	  this	  food	  item	  or	  to	  the	  lack	  of	  complexity	  in	  terms	  of	  feeding	  
behaviors	  required	  when	  processing	  the	  food.	  Handling	  time	  for	  the	  rats	  were	  higher	  than	  for	  
commercial	  diet	  but	  still	  lower	  than	  for	  the	  other	  whole	  prey	  species.	  When	  feeding	  on	  rats	  the	  
condors	  sometimes	  skinned	  the	  prey	  and	  removed	  the	  intestines,	  but	  consumed	  most	  of	  the	  rat	  
skeleton	  with	  the	  meat	  attached;	  some	  condors	  even	  consumed	  proportions	  of	  the	   intestines	  
and	  skin.	  The	  birds	  further	  seemed	  to	  be	  able	  to	  dismantle	  the	  rat	  carcasses	  without	  exerting	  
much	   force.	   This	   decreased	  necessity	   of	   food	  processing	  probably	   reduced	  handling	   time	   for	  





the	   birds	   spent	   more	   time	   handling	   the	   food	   than	   with	   commercial	   diet	   and	   rats	   and	   only	  
slightly	  less	  than	  with	  rabbit	  or	  goat.	  The	  bones	  only	  had	  little	  meat	  attached,	  which	  seemed	  to	  
be	   difficult	   for	   the	   condors	   to	   remove.	   In	   addition,	   the	   condors	   could	   not	   obtain	   a	   satiating	  
amount	  of	  meat	   from	  the	  bones	  and	  might,	   thus,	  be	   inclined	   to	  handle	   the	   food	   item	   longer	  
trying	  to	  exhaust	  its	  resources	  completely.	  For	  rabbit	  and	  the	  first	  goat-­‐day	  handling	  time	  was	  
similarly	  higher	  than	  for	  the	  other	  food	  types.	  From	  this	  finding	  alone	  difference	  in	  complexity	  
between	  rabbit	  and	  goat	  can	  be	  inferred,	  however,	  two	  different	  types	  of	  prey	  handling	  were	  
observed:	  bones	  and	  major	  parts	  of	  a	  rabbit’s	  body	  seem	  to	  be	  too	  large	  to	  swallow	  for	  Andean	  
condors	   and	   yet	   the	   rabbit	   skeleton	   is	   delicate	   enough	   that	   it	   took	   the	   birds	   a	   long	   time	   to	  
remove	  a	  satiating	  amount	  of	  meat	  from	  the	  carcass.	  Handling	  time	  of	  the	  goat	  carcass	  on	  the	  
other	   hand	   was	   high	   partially	   because	   the	   condors	   had	   to	   work	   through	   the	   thick	   skin	   and	  
several	   tissue	   layers	  of	   the	  carcass	  until	   they	  reached	  edible	  parts.	   In	  nature	  Andean	  condors	  
feed	  from	  the	  remains	  of	  large	  prey	  killed	  by	  other	  carnivores.	  The	  carcass	  is	  therefore	  usually	  
open	  and	  edible	  parts	  are	  already	  exposed	  when	  the	  birds	  find	  it.	  Their	  beak	  is	  not	  specialized	  
for	   initially	   opening	   a	   carcass	   and	   a	   whole	   large	   carcass	   thus	   increases	   handling	   time.	   The	  
observed	  condors	  always	  used	  the	  cut	  throat	  as	  a	  first	  access	  point	  when	  starting	  to	  feed	  on	  the	  
goat.	  Secondary	  access	  points	  were	  usually	  parts	  of	  the	  abdomen,	  head	  and	  legs	  with	  little	  fur	  
and	  thinner	  skin.	  Eventually	  the	  birds	  began	  opening	  the	  thorax	  of	  the	  goat,	  which	  appeared	  to	  
be	  a	  laborious	  undertaking.	  The	  shorter	  handling	  time	  of	  the	  goat	  on	  day	  two	  could	  support	  this	  
argument,	  since	  the	  carcass	   is	  already	  opened	  but	  might	  also	  reflect	  decreased	  motivation	  to	  






Cleaning	  time	  should	  correlate	  with	  prey	  size	  and	  amount	  of	  work	  required	  when	  handling	  
a	  food	  item.	  Time	  spent	  performing	  cleaning	  behaviors	   immediately	  after	  feeding	  or	  between	  
feeding	  bouts	  was	  similar	  for	  commercial	  diet,	  rats	  and	  bones.	  A	  slight	  increase	  in	  cleaning	  time	  
for	  rabbit	  suggests	  that	  feeding	  on	  this	  food	  type	  is	  already	  messier	  than	  for	  those	  previously	  
mentioned.	  Cleaning	  times	  for	  both	  days	  of	  goat	  carcass	  feeding,	  however,	  were	  much	  higher	  
presumably	   due	   to	   the	   increased	  bodily	   engagement.	   For	   instance,	   since	   the	   goat’s	   skin	  was	  
difficult	  to	  open	  for	  the	  condors,	  they	  made	  only	  small	  holes	  through	  which	  they	  inserted	  their	  
heads	  to	  reach	  the	  meat.	  	  
A	  short	  approach	  time	  can	  be	   interpreted	  as	  a	  high	  motivation	  to	   feed	  on	  a	  certain	   food	  
type.	   Accordingly,	   commercial	   food	   seems	   to	   be	   somewhat	   less	   interesting	   for	   the	   observed	  
birds	  than	  the	  rabbit	  for	  example.	  The	  long	  approach	  time	  for	  the	  first	  day	  that	  the	  goat	  carcass	  
was	  provided	  is	  probably	  due	  to	  its	  novelty	  and	  size.	  The	  birds	  might	  not	  immediately	  recognize	  
the	  carcass	  as	  a	  food	   item	  and,	  since	   it	   is	  about	  the	  same	  size	  as	  the	  birds	  themselves,	  might	  
approach	   it	   with	   caution;	   in	   this	   case	   the	   prolonged	   approach	   time	   might	   not	   reflect	   little	  
motivation	  to	  feed	  from	  the	  goat.	  The	  short	  approach	  time	  on	  the	  second	  day	  of	  goat	  carcass	  
provision	  supports	  this	  argument,	  since	  novelty	  and	  fear	  are	  no	   longer	  an	   issue	  and	  the	  birds	  
show	  behavior	  that	  indicates	  a	  high	  motivation	  to	  feed	  from	  the	  large	  carcass.	  Another	  way	  to	  
draw	   conclusions	   about	   the	   birds’	  motivation	   is	   the	   amount	   of	   times	   they	   came	  back	   to	   the	  
food	  item	  after	  performing	  other	  behaviors.	  The	  number	  of	  feeding	  bouts	  tends	  to	  be	  higher	  for	  






Feeding	   session	   time	   incorporates	   approach	   time	   and	   handling	   time	   as	  well	   as	   cleaning,	  
social	  interactions,	  locomotion	  and	  all	  other	  behaviors	  between	  and	  after	  feeding	  bouts;	  it	  can	  
therefore	  be	  interpreted	  as	  the	  general	  amount	  of	  time	  the	  birds	  are	  occupied	  in	  response	  to	  a	  
certain	  food	  type.	  According	  to	  that,	  the	  condors	  were	  least	  occupied	  with	  the	  commercial	  diet	  
and	  most	  occupied	  with	  the	  rabbit	  and	  goat	  carcass.	  The	  decrease	   in	  feeding	  session	  time	  on	  
the	  second	  day	  of	  goat	  carcass	  feeding	  might	  be	  due	  to	  the	  shorter	  approach	  time	  on	  that	  day.	  
	  
To	  determine	  the	  influence	  that	  a	  food	  type	  has	  on	  the	  behavior	  of	  the	  observed	  condors	  it	  
is	  also	  worthwhile	  to	  analyze	  the	  post	  feeding	  sessions.	  The	  condors	  spent	  most	  time	  feeding	  in	  
the	  afternoon	  session	  on	  the	  second	  day	  of	  goat	  carcass	  feeding;	  they	  also	  returned	  more	  often	  
to	  the	  goat	  carcass	  on	  day	  one	  than	  to	  other	  food	  types.	  An	  explanation	  for	  this	  finding	  might	  
simply	  be	  the	  ad	   libitum	  access	  of	   food	  when	  provided	  with	  a	  whole	  goat	  or	  could	  reflect	  an	  
increased	  interest	  in	  the	  goat	  carcass.	  Cleaning	  behaviors	  were	  more	  prevalent	  in	  the	  afternoon	  
sessions	  after	  feeding	  commercial	  diet	  and	  rats.	  The	  afternoon	  cleaning	  levels	  might	  be	  linked	  
to	   the	   feeding	   session	   cleaning	   levels.	   Since	   the	   birds	   that	   fed	   on	   commercial	   diet	   and	   rats	  
spent	   less	   time	   cleaning	   themselves	   directly	   after	   feeding	   because	   it	   might	   not	   have	   been	  
necessary	   immediately,	  might	  still	  have	  to	  do	  it	   later	  on	  that	  day.	  Post	  feeding	  cleaning	  levels	  
after	  goat	  feeding	  are	  likely	  to	  be	  elevated,	  since	  the	  birds	  tend	  to	  feed	  on	  the	  goat	  again	  in	  the	  
afternoon.	  The	   food	   type	  did	  not	  have	  an	   influence	  on	  any	  other	  post	   feeding	  behavior.	  Our	  
results	   therefore,	   do	   not	   support	   that	   food	   type	   stimulates	   activity	   and	   more	   behavioral	  





possessiveness	   and	   dominance	   over	   food	   for	   every	   food	   type	   except	   the	   commercial	   diet.	  
Furthermore,	  the	  vultures	  never	  used	  their	  talons	  during	  feeding	  on	  commercial	  diet.	  	  
	  
In	  summary,	  the	  commercial	  diet	  was	  approached	  only	  after	  a	  relatively	  long	  time,	  took	  the	  
birds	   only	   a	   very	   short	   time	   to	   consume,	   elicited	   low	   levels	   of	   cleaning	   behavior	   during	   the	  
feeding	  session	  and	  occupied	  the	  birds	  for	  a	  shorter	  time	  than	  other	  food	  types.	  Rats	  and	  bones	  
both	  had	  a	  medium	  approach	  and	  feeding	  session	  time,	  and	  levels	  of	  cleaning	  behavior	  similar	  
to	   that	   for	  commercial	  diet.	  Handling	   time,	  however,	  was	  higher	   for	  bones	   than	   for	   rats.	  The	  
vultures	   approached	   the	   rabbit	   carcasses	   almost	   immediately	   after	   they	   were	   initially	  
presented,	  spent	  a	   long	  time	  feeding	  on	  them	  and	  were	  generally	   longer	  occupied	  by	  rabbits	  
than	  the	  previously	  mentioned	  food	  types.	  After	  initial	  hesitation	  on	  day	  1	  goat	  carcasses	  were	  
approached	  immediately	  on	  the	  second	  day,	  had	  very	  long	  handling	  times,	  caused	  high	  levels	  of	  
cleaning	   behavior,	   elicited	   the	   birds	   to	   come	   back	   to	   feed	   several	   times	   even	   later	   in	   the	  
afternoon,	  and	  clearly	  occupied	  the	  birds	  for	  longer	  than	  other	  food	  types.	  	  Hence,	  the	  goat	  and	  
rabbit	  carcasses	  seem	  to	  have	  certain	  benefits	  for	  zoo	  housed	  vultures.	  They	  can	  be	  classified	  as	  
more	  engaging,	  stimulating	  and	  occupying	  compared	  to	  the	  commercial	  diet	  and	  probably	  also	  
compared	   to	   bones	   and	   rats.	   Future	   studies	   might	   also	   reveal	   more	   significant	   differences	  
between	  medium	  sized	  carcasses	  (rabbit)	  and	  large	  carcasses	  (goat).	  
	  
Continuing	  with	  the	  behavioral	  observations	  would	  most	  likely	  decrease	  the	  large	  variation	  
in	   the	   data	   and	   reinforce	   the	   differences	   and	   trends	   observed	   for	   the	   given	   food	   types.	  





increased.	  Other	  experimental	  setups	  could	  also	  be	  used	   in	   future	  studies	  to	   find	  the	  relative	  
appeal	  of	  the	  different	  food	  types	  for	  vultures.	  Presenting	  the	  birds	  with	  choices	  of	  several	  food	  
items	   would	   be	   useful	   to	   find	   potential	   preferences.	   An	   increasing	   barrier	   that	   the	   vultures	  
would	   have	   to	   overcome	   to	   gain	   access	   to	   a	   food	   type	   could	   give	   further	   insight	   to	   the	  
motivation	   for	   feeding	   on	   different	   food	   types.	   	   Future	   studies	   should	   also	   accustom	   the	  
subjects	  to	  novel	  food	  items	  and	  the	  feeding	  procedure	  during	  observations:	  more	  than	  half	  of	  
the	  birds	  did	  not	  feed	  from	  the	  goat	  most	  likely	  because	  they	  were	  anxious	  or	  did	  not	  recognize	  
it	   as	   a	   food	   item.	   Bird	   5	   is	   a	   juvenile	   and	   generally	   rather	   anxious	   of	   novel	   items	   in	   its	  
environment.	  Subject	  6	  is	  usually	  hand	  fed	  with	  commercial	  diet	  and	  –	  although	  this	  bird	  is	  wild	  
caught	  –	  only	  grabbed	  a	  small	  piece	  of	  meat	   from	  the	  goat’s	  neck	  on	  the	   first	  day	  and	  never	  
returned	   to	   the	   carcass.	   Bird	   7	   is	   usually	   fed	   in	   a	   separate	   compartment	   and	   was	   also	   fed	  
commercial	  diet	  exclusively	  for	  over	  a	  year	  prior	  to	  the	  observations.	  Subject	  6	  and	  7	  seemed	  to	  
be	  so	  irritated	  by	  the	  goat	  carcass	  and	  the	  unusual	  feeding	  procedure	  that	  they	  refused	  to	  feed	  
from	  any	  of	   the	   food	   items	  provided	  on	   the	   following	  days.	   Subject	   8	   and	  9	  were	  presented	  
with	   the	   goat	   on	   the	   first	   two	   days	   of	   the	   observation	   set.	   Since	   they	   did	   not	   show	   much	  
interest	  in	  the	  carcass	  during	  both	  days,	  they	  were	  presented	  with	  the	  goat	  for	  a	  third	  day	  but	  
at	  a	  time	  that	  was	  closer	  to	  their	  accustomed	  feeding	  time.	  As	  the	  birds	  still	  were	  not	  interested	  
in	  the	  carcass,	  several	  mice	  carcasses	  were	  placed	  around	  the	  opened	  neck	  and	  on	  top	  of	  the	  
goat	   carcass	   at	   the	   fourth	   day.	   The	   condors	   started	   to	   get	   curious	   and	   subject	   8	   finally	  
approached	   the	   goat	   after	   about	   30	   minutes.	   He	   removed	   the	   mice	   from	   the	   goat’s	   neck	  
without	  eating	  them	  and	  immediately	  started	  feeding	  from	  the	  large	  carcass	  for	  several	  hours.	  





feeding	  but	  their	  behavioral	  reaction	  strongly	  suggests	  that	  they	  only	  recognized	  the	  large	  goat	  








Although	  its	   is	  still	  unclear	  why,	  most	  North	  American	  zoos	  feed	  small	  carcasses	  regularly	  
to	  their	  vultures	  but	  refrain	  from	  using	  larger	  carcasses.	  For	  the	  birds,	  however,	  larger	  carcasses	  
seem	   to	   have	   certain	   advantages	   such	   as	   longer	   occupation	   and	   somewhat	   increased	  
behavioral	  diversity	  compared	  to	  smaller	  carcasses	  or	  other	  food	  types.	  	  
Most	   visitors	   approve	   of	   carcass	   feeding	   as	   a	   natural	   feeding	  method	   but	   a	   fairly	   large	  
proportion	  of	   visitors	  would	   still	   prefer	   to	  make	   the	   visibility	   of	   it	   optional.	   Even	   though	   zoo	  
visitors	   would	   appreciate	   educative	   material	   about	   vulture	   feeding	   behaviors	   and	   carcass	  
feeding,	  only	  few	  North	  American	  zoos	  provide	  education	  about	  these	  topics.	  
In	  conclusion,	  large	  carcass	  feeding	  might	  benefit	  zoo-­‐housed	  vultures	  and	  in	  combination	  
with	   education	   and	   optional	   viewing	   areas	   is	   acceptable	   for	   visitors;	   it	   should	   thus	   be	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How	  often	  do	  you	  feed	  the	  following?	  	  	   never	   infrequently	   often	   mainly/only	  
Commercial	  Diet	   28%	   10%	   48%	   14%	  
Meat	   55%	   17%	   28%	   0%	  
Large	  Carcass	  Parts	   10%	   38%	   52%	   0%	  
Whole	  Carcass	   3%	   7%	   52%	   38%	  
What	  prey	  species	  do	  you	  feed	  to	  your	  vultures?	  	   Percentage	  
Rats	   96%	  
Mice	   68%	  
Guinea	  pigs	   25%	  
Rabbits	   75%	  
Chicken	   39%	  
Quail	   39%	  
Fish	   29%	  
Ungulate	  species	   18%	  
Other	   7%	  
Can	  visitors	  observe	  your	  vultures	  feeding	  from	  carcasses?	   Percentage	  
Yes	   82%	  
No,	  because	  visitors	  don't	  like	  it	   7%	  
No,	  other	   11%	  
Do	  you	  inform	  your	  visitors	  about	  carcass	  feeding?	   Percentage	  
No	   71%	  
Yes,	  a	  zoo-­‐educator	  is	  present	  during	  feeding	  time	   10%	  
Yes,	  we	  have	  signage	  educating	  visitors	  about	  carcass	  feeding	   0%	  
Yes,	  we	  have	  signage	  warning	  people	  that	  a	  carcass	  is	  on	  display	   0%	  
Yes,	  but	  only	  when	  keepers	  are	  around	  (opportunistic)	   29%	  
Why	  do	  you	  refrain	  from	  using	  intact	  or	  minimally	  prepared	  carcasses	  as	  
one	  of	  the	  main	  food	  sources	  for	  your	  vultures?	  	   Percentage	  
Visitors	  opinion	   0%	  
Financial	  reasons	   33%	  
Availability	  of	  Carcasses	   33%	  
Nutritional	  Reasons	   0%	  
Other	  Reasons	   33%	  
	  
Table	  4|	  Zoo	  Survey	  Results.	  Data	  for	  all	  zoo	  survey	  questions.	  Values	  are	  calculated	  as	  the	  number	  of	  responses	  for	  an	  answer	  





Figure	  17|	  Visitor	  Perception	  Of	  The	  Natural	  Diet	  Of	  Vultures.	  	  Visitors	  were	  asked	  to	  indicate	  what	  they	  think	  most	  vultures	  






Figure	  18|	  Number	  Of	  Feeding	  Bouts	  For	  Each	  Observation	  Day.	  Total	  number	  of	  feeding	  bouts	  during	  feeding	  sessions;	  data	  is	  











































































































































































Figure	   20|	   Levels	   Of	   Inactivity	   During	   Post	   Feeding	   Sessions	   For	   Each	   Observation	   Day.	   Number	   of	   scan	   samples	   that	  
documented	  inactivity	  relative	  to	  the	  total	  number	  of	  samples	  of	  a	  session;	  data	  is	  presented	  as	  mean+sd;	  different	  






Figure	  21|	  Levels	  Of	  Environmental	  Manipulation	  During	  Post	  Feeding	  Sessions	  For	  Each	  Observation	  Day.	  Number	  of	  scan	  
samples	  that	  documented	  environmental	  manipulation	  relative	  to	  the	  total	  number	  of	  samples	  of	  a	  session;	  data	  is	  





Figure	   22|	   Levels	   Of	   Locomotion	   During	   Post	   Feeding	   Sessions	   For	   Each	   Observation	   Day.	  Number	   of	   scan	   samples	   that	  





Figure	  23|	  Levels	  Of	  Social	  Interaction	  During	  Post	  Feeding	  Sessions	  For	  Each	  Observation	  Day.	  Number	  of	  scan	  samples	  that	  
documented	   social	   interactions	   between	   condors	   relative	   to	   the	   total	   number	   of	   samples	   of	   a	   session;	   data	   is	  
presented	  as	  mean+sd.	  
	  
	  
	  
	  
